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(57) An optical wavelength selector is provided that 
selects WDM channels from WDM optical signal and 
outputs each WDM channels from a plurality of ports. 
WDM optical signal in which m x n WDM channels are 
multiplexed is divided into n WDM channel groups and 
outputted by means of one wavelength -division demulti- 
plexer. One WDM channel group is selected from the n 

Fig 4 



WDM channel groups by means of n optical gate 
switches. The selected WDM optical signal is then sep- 
arated into m WDM channels by wavelength and output- 
ted by means of an optical wavelength router. As a 
result, m WDM channels of a specific WDM channel 
group can be received by m optical receivers. 
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Description 

1 . Field of the Invention 

5 The present invention relates to an optical communication system that employs a optical wavelength selector. 

WDM (Wavelength-division multiplexing) is a method in which optical signals of WDM channels are multiplexed and 
transmitted by a single optical waveguide. The result of multiplexing WDM channels is called WDM optical signal. A 
WDM optical network is an optical communication system in which wavelength-division multiplexing is applied in an 
optical network. 

10 Through the use of wavelength selection devices such as optical wavelength selectors, a WDM optical network 
enables dynamic change of the network configuration as well as the selection and reception of a desired WDM channel 
from WDM optical signal. In other words, WDM optical signal in which a plurality of WDM channels are multiplexed can 
be transmitted by an optical transmission medium such as optical fiber, and a WDM channel can be received from the 
WDM optical signal on the receiving side. 

15 Optical band-pass filters such as fiber Fabry-Perot filters, acousto-optic filters, and dielectric interference filters 
have been used as optical wavelength selectors in the prior art, but these filters have been difficult to use because they 
require accurate control in analog amounts. 

In a fiber Fabry-Perot filter, for example, the resonator length of the etalon must be accurately controlled using, for 
example, a piezoelectric actuator. An acousto-optic filter requires accurate control of the frequency of acoustic waves 

20 applied to waveguide using, for example, a voltage-controlled oscillator. 

One example of a optical wavelength selector that overcomes the above-described problems combines a wave- 
length-division demultiplexer, an optical gate switch, and a wavelength-division multiplexer. In this optical wavelength 
selector, a desired wavelength can be selected by controlling digital values, i.e., the ON/OFF of optical gate switches. 
A first example of the above-described optical wavelength selector of the prior art is next described with reference 

25 to Fig. 1 . This optical wavelength selector is made up of one wavelength-division demultiplexer 20, four optical gate 
switches 40-43, and one wavelength-division multiplexer 70. Optical gate switches 40-43 are made up of semiconductor 
optical amplifiers which pass light when ON and cut off light when OFF. 

This optical wavelength selector enables selection of any WDM channel from the WDM optical signal of four WDM 
channels Xq-X^ by turning ON any one of optical gate switches 40-43 and turning OFF the remainder. 

30 As the above-described optical wavelength selector, devices have been proposed that use an arrayed waveguide 
grating device (or a waveguide grating router) as wavelength-division demultiplexer 20 and wavelength-division multi- 
plexer 70. Examples include the device described in M. Zirngibl et. al, "Digitally Tunable Channel Dropping Filter/Equal- 
izer Based on Wavelength Grating Router and Optical Amplifier Integration" in IEEE(lnsitute of Electrical and 
Electronics Engineers) Photonics Technology Letters, Vol. 6, No. 4, April 1994, p. 513. 

35 However, the above-described optical wavelength selector of the prior art has a drawback, that it outputs a plurality 
of WDM channels from one output port when selecting a WDM channel group, whereas a WDM channel group may be 
allotted to each node in a WDM optical network, which is an optical communication system, in order to increase the 
transmission capacity per node. 

A prior-art example of the above-described WDM optical network is next described with reference to Fig. 2. In this 

40 WDM optical network, each node is provided with four optical transmitters, four optical wavelength selectors, and four 
optical receivers. For example, node 1 is provided with optical transmitters 110-113, optical wavelength selectors 140- 
143, and optical receivers 150-153. 

Optical transmitters 110-113 in node 1 transmits WDM channels Xq, X 1t X 2 , and X$. Optical transmitters 210-213 in 
node 2 transmits WDM channels X A , A, 5 , 7^, and X 7 . Optical transmitters 310-313 in node 3 transmits WDM channels A. 8 , 

45 x 9 , A. 10 , and X 1V Optical transmitters 410-413 in node 4 transmits WDM channels \ 12 , A. 13 , X. 14 , and X 15 . 

The WDM channels A. 0 -X 15 transmitted from the sixteen optical transmitters 110-113, 210-213, 310-313, and 410- 
413 pass by way of optical fibers 120-123, 220-223, 320-323, and 420-423, which serve as the optical transmission 
medium, and are combined by star coupler 100. This combined light is outputted to all of optical fibers 130-133, 230- 
233, 330-333, and 430-433. 

so Upon receiving a signal transmitted from, for example, node 1 , each node selects and receives WDM channels X 0 , 
Xi , Xz, and A. 3 , and upon receiving a signal transmitted from node 2, selects and receives WDM channels X 4 , X 5 , X 6t and 
X 7 . If data are transmitted from node 1 to node 2, WDM channels Xq, X 1p X 2 , and X$ are each selected by optical wave- 
length selectors 240, 241, 242, and 243 of node 2. 

In this WDM optical network, four optical transmitters, four optical wavelength selectors, and four optical receivers 
55 are required at every node, and as a result, the cost for each node is approximately four times the cost for a case in 
which one WDM channel is assigned to each node. 

In other words, when using an optical wavelength selector of the prior art in a WDM optical network configured as 
shown in Fig. 2, there is the problem that the cost per node increases in proportional to the number of WDM channels 



2 



EP0849 968A2 



included in each WDM channel group. 

Moreover, in the optical wavelength selector of the first example of the prior art shown in Fig. 1 , the number of opti- 
cal gate switches 40-43 required is equal to the number of WDM channels. 

In the above-described example of the prior art, four optical gate switches 40-43 are required because four WDM 
5 channels are multiplexed. Similarly, the multiplexing of 32 WDM channels calls for 32 optical gate switches. 

Optical gate switches are active elements that consume electrical power to operate, and increasing the number of 
optical gate switches is therefore disadvantageous due to the accompanying increases in both the scale of the device 
and power consumption. 

An optical wavelength selector developed with the object of solving the above-described problem is disclosed by Y. 
w Tsuchikawa and Y. Inoue in Electronics Letters (Vol. 31, No. 23, November 1995, pp. 2029-2030). 

The art disclosed in this paper is next described as the second example of an optical wavelength selector of the 
prior art with reference to Fig. 3. This optical wavelength selector is made up of one optical splitter 20; four optical gate 
switches 40-43, one optical wavelength router 60; eight optical gate switches 400-407, and one optical combiner 470. 
This optical wavelength selector can select any WDM channel from WDM optical signal in which 32 WDM channels 
15 Xq-A. 31 are multiplexed. 

In brief, turning ON one of the four optical gate switches 40-43 of the first stage selects eight specific WDM chan- 
nels from the 32 WDM channels Xq-X^- Then, turning ON one of the eight optical gate switch 400-407 of the second 
stage selects one WDM channel from these eight WDM channel. 

The WDM channels which passes from each input ports to each output ports of the above-described optical wave- 
20 length router 60 is as shown in Table 1 below. 

Table 1 
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40 

The above-described optical wavelength selector enables selection of one WDM channel from 32 WDM channels 
using 12 optical gate switches 40 by arranging optical gate switches 40 in two stages of four and eight. 

In the above-described optical wavelength selector, however, optical splitter 20 carries out 1 x 4 branching, which 
45 gives rise to a minimum loss of 6 dB. Optical combiner 470 furthermore carries out 8 x 1 combining, which gives rise to 
an additional minimum loss of 9 dB. 

As a result, the intensity of the one optical signal outputted by the above-described optical wavelength selector 
tends to be inadequate. If the above-described optical wavelength selector is used in a WDM optical network, the 
received intensity may be inadequate as described above and therefore cause errors in communication. 
so In addition, although the above-described optical wavelength selector enables a reduction in the number of optical 
gate switches 40, further reductions are hoped for. 

The object of the present invention is to provide an optical wavelength selector that allows a reduction in the 
number of optical wavelength selectors used in a WDM optical network, an optical wavelength selector that allows a 
reduction in the number of optical gate switches, an optical wavelength selector that allows a reduction of loss in the 
55 optical signal, and a WDM optical network that allows a reduction in the number of WDM channels of the employed 
WDM optical signal. 

An optical wavelength selector according to the present invention is provided with a wavelength-division demulti- 
plexer, n optical gate switches, and an optical wavelength router. 
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The wavelength-division demultiplexer inputs WDM optical signal, in which m x n (m and n each being any natural 
number) WDM channels are multiplexed, from one input port, then separates the WDM optical signal into n WDM chan- 
nel groups, and outputs each of these WDM channel groups from one of n output ports. 

Each of the n optical gate switches is connected to a respective output port of the n output ports of the wavelength- 
5 division demultiplexer. The optical gate switches either let pass or cut off the WDM channel groups. 

Each of the n input ports of the optical wavelength router is connected to a respective optical gate switch of the n 
optical gate switches. The optical wavelength router separates the inputted WDM channel group into m WDM channels, 
and outputs these WDM channels from m output ports. 

Turning ON and OFF the optical gate switches enables the easy selection of one WDM channel group from n WDM 
10 channel groups each made up of m WDM channels. The m WDM channels are then each outputted from differing out- 
put ports, thereby allowing direct reception of these WDM channels by optical receivers without the interposition of an 
optical filter or other component. 

Thus, the use of the optical wavelength selector of this invention enables a simplification in the configuration of a 
WDM optical network, which is, for example, an optical communication system. 
15 Moreover, the WDM optical signal in which m x n WDM channels are multiplexed has n WDM channel groups, in 
which m WDM channels are multiplexed. 

The above-described optical wavelength selector separates WDM optical signal into WDM channel groups by 
means of the transmission characteristic of the wavelength-division demultiplexer and optical wavelength router, and 
outputs m WDM channels. Accordingly, m WDM channels can be extracted from a particular WDM optical signal by 
20 conferring a prescribed transmission characteristic to the wavelength-division demultiplexer and optical wavelength 
router. 

For example, when the (a+1)th (where (a+1) is any natural number from 1 to n) WDM channel group {A, a0 , A. a1 , A^. 
.... X am2 , A, am -i} of WDM °Pt' cal signal satisfies the relation "A, 0 b * *ob-i = ^ab - ^ab-i" w 't n respect to any natural number 
b from 1 to m, the WDM optical signal can be divided into n WDM channel groups, and WDM channel group that passes 
25 through the optical gate switch can then be divided into m WDM channels, and outputted. 

In such a case, an optical wavelength router can be formed from one arrayed waveguide grating device, thereby 
enabling a simplification of the construction of an optical wavelength selector. 

As another invention of the above-described optical wavelength selector, WDM optical signal, in which the m WDM 
channels belonging to each WDM channel group are lined up continuously along the wavelength axis and the wave- 
30 length spacing between each WDM channel groups is equal, is separated into n WDM channel groups, and the WDM 
channel group that passes through the optical gate switch is then divided into m WDM channels, and outputted. 

Alternatively, WDM optical signal, in which the m WDM channels belonging to each WDM channel group are lined 
up so as to have periodicity for every n WDM channels along the wavelength axis, and moreover, in which the wave- 
length spacing of the m WDM channels is equal within each WDM channel group, is separated into n WDM channel 
35 groups, and the WDM channel group that passes through the optical gate switch is then separated into m WDM chan- 
nels, and outputted. 

In these cases, the wavelength-division demultiplexer or optical wavelength router can be realized at low cost by 
using a device having a periodic transmission characteristic. For example, a device such as an arrayed waveguide grat- 
ing device can be employed. Such a device is generally easily procurable and has regular transmission characteristics, 
40 and use of such a device allows an improvement in the productivity of a optical wavelength selector. 

In addition, in an optical wavelength selector provided with the above-described wavelength-division demultiplexer, 
a construction can be adopted in which the optical wavelength router is provided with an arrayed waveguide grating 
device. In such a case, an optical wavelength router having the required functions can be realized with a simple con- 
struction, and the construction of the optical wavelength selector can be correspondingly simplified. 
45 The optical communication system of this invention is provided with a WDM optical signal transmitter, an optical 
transmission medium, an optical wavelength selector of the present invention, and m optical receivers. 

The WDM optical signal transmitter outputs WDM optical signal in which m x n WDM channels are multiplexed. The 
optical transmission medium transmits the WDM optical signal outputted by the WDM optical signal transmitter as far 
as the optical wavelength selector. 
so This optical wavelength selector separates the inputted WDM optical signal into n WDM channel groups, one beam 
for every WDM channel group, and then outputs the m beams of one WDM channel group, one beam for each WDM 
channel. The m optical receivers each receive a respective beam of the m WDM channels, one beam for every WDM 
channels, that are outputted from the optical wavelength selector. 

Accordingly, the optical communication system of this invention can achieve optical communication by means of 
55 WDM optical signal. Moreover, the number of optical wavelength selectors can be reduced, thereby allowing a reduction 
in the overall scale of the system as well as an improvement in productivity. 

As an example of the WDM optical signal handled by the above-described optical communication system, the 
(a+1)th (where (a+1) is an arbitrary natural number from 1 to n) WDM channel group {A, a0 , X a1 , ^am-2» *>am-i) m *y 
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satisfy the relation n Ao b - Xot>i = *-ab - Wi" wrtn respect to b, which is an arbitrary natural number from 1 to m. 

In this case, the optical wavelength router of the optical wavelength selector can be formed from one arrayed 
waveguide grating device, thereby enabling a simplification of the construction of the optical wavelength selector, and 
as result, enabling a reduction in the scale of the system overall and an improvement in productivity. 

5 In addition, the above-described WDM optical signal can be light in which the m WDM channels belonging to each 
WDM channel group are lined lip continuously along the wavelength axis, and moreover, in which the wavelength spac- 
ing between each WDM channel groups is equal. 

In this case, the wavelength-division demultiplexer and optical wavelength router of the optical wavelength selector 
can be realized at low cost by utilizing a device having periodic transmission characteristic. For example, an arrayed 

w waveguide grating device can be employed that is generally easily procurable and has a regular transmission charac- 
teristic, thereby enabling an improvement in the productivity of the optical wavelength selector as well as of the overall 
system. 

The m WDM channels belonging to each WDM channel group can be lined up along the axis of wavelength so as 
to have periodicity for each n WDM channels, and moreover, the wavelength spacing of the m WDM channels within 
is each WDM channel group can be made equal. 

In this case, the wavelength-division demultiplexer and optical wavelength router of the optical wavelength selector 
can be realized at low cost by utilizing a device having periodic transmission characteristic. For example, an arrayed 
waveguide grating device that is generally easily procurable and which has regular transmission characteristics can be 
employed, thereby enabling an improvement in the productivity of the optical wavelength selector and of the overall sys- 
20 tern. 

In addition, the optical wavelength selector of the second invention is provided with an optical splitter (or wave- 
length-division demultiplexer), ko (where ko as well as kj are arbitrary natural numbers) optical gate switches, optical 
wavelength routers in p stages (where p is any natural number), k| p-stage optical gate switches, and an optical com- 
biner (or wavelength<livision multiplexer). 
25 Here, each of the numbers ko, k 1t ... kj, ... kp can be any of two, three, or four. Alternatively, p stages may be a plu- 
rality of stages. 

For example, if p stages is one stage, an optical wavelength router and k-, optical gate switches are positioned in 
the space between the ko optical gate switches and the optical combiner. 

If, on the other hand, p stages is two stages, the optical wavelength router of the first stage, the k 1 optical gate 
30 switches of the first stage, the optical wavelength router of the second stage, and the k 2 optical gate switches of the sec- 
ond stage are positioned in order in the space between the ko optical gate switches and the optical combiner. 

The optical splitter inputs from one input port WDM optical signal in which the light of ko x k 1 x ... x kj x ... kp WDM 
channels are multiplexed, whereupon the optical splitter separates the WDM optical signal into ko beams. The ko optical 
gate switches either let pass or cut off the ko beams of WDM optical signal inputted from the optical splitter and output 
35 to the optical wavelength router of the first stage. 

The optical wavelength router of the pth stage separates and outputs the WDM optical signal inputted from one 
optical gate switch of the preceding stage (the (p-1)th stage) into kj beams, one beam for each of the prescribed WDM 
channel groups. The kj optical gate switches of the pth stage either let pass or cut off the WDM channel groups inputted 
from the optical wavelength router of the preceding stage ((p-l)th stage). 
40 The optical combiner outputs the one WDM channel inputted from an optical gate switch of the preceding stage 
(pth stage) from one output port. 

Essentially, turning ON one of the ko optical gate switches as well as turning ON only one optical gate switch in 
each stage for the k-, ... kp optical gate switches enables the selection of a WDM channel from WDM optical signal in 
which ko x ^ x ... x kj x ... x kp WDM channels are multiplexed. 
45 If each of ko, kj , ... kj, ... kp are any of two, three, or four, one of the multiplicity of wavelengths of WDM optical signal 
can be selected by a limited number of optical gate switches. 

For example, if all of ko, k 1p ... kj, ... kp are x, one wavelength of x^ 1 wavelengths of WDM optical signal can be 
selected. In this case, the number of required optical gate switches is x(p+1). 

Effecting selection of one of a multiplicity of wavelengths of WDM optical signal with a limited number of optical gate 
so switches enables both a reduction in the scale and an improvement in the productivity of a optical wavelength selector, 
and in addition, allows a reduction in power consumption. 

The invention further reduces the number of split waves of an optical splitter (or a wavelength-division demulti- 
plexer) and the number of combined waves of an optical combiner (or wavelength-division multiplexer), whereby the 
optical wavelength selector of the present invention suffers less signal loss. 
55 The optical communication system of the second invention is provided with S optical transmitter groups, S optical 
wave combining means, S optical splitters, W optical crossbar switches, W x S optical wavelength selectors, and W x S 
optical receivers. 

The S optical transmitter groups are made up of W optical transmitters and transmit optical signals of W WDM 
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channels. 

The S optical wave combining means are made up of, for example, optical combiners or wavelength-division mul- 
tiplexers. Each of the S optical combining means is connected to a respective optical transmitter group of the S optical 
transmitter groups, and these optical combining means combine and output the W WDM channels as a single beam of 
5 WDM optical signal. 

Each of the S optical splitters is connected to a respective optical combining means of the S optical combining 
means, and these optical splitters separate the inputted WDM optical signal into W beams and output a beam from 
each of the W output ports. 

Each of the S input ports of the W optical crossbar switches is connected to an optical splitter of the S optical split- 
to ters, and the WDM optical signal inputted from one of the S input ports is simultaneously outputted from the 1-S output 
ports. 

The W x S optical wavelength selectors are each connected to a respective output port of the S output ports of the 
W optical crossbar switches, and an optical signal of one WDM channel is selected and outputted from the inputted 
WDM optical signal. 

15 The W x S optical receivers are each connected to a respective optical wavelength selector of the W x S optical 
wavelength selectors, and the inputted optical signal of one WDM channel is converted to an electrical signal. 

The second optical wavelength selector of the present invention can be applied as the optical wavelength selector 
of the optical communication system of the present invention of the above-described construction. 

The optical communication system of this invention therefore can realize optical communication by WDM optical 
20 signal, and, moreover, a reduction in the number of optical gate switches, thereby enabling such benefits as a reduction 
in the scale of the overall system, an improvement in productivity, and a reduction in power consumption. 

The above and other objects, features, and advantages of the present invention will become apparent from the fol- 
lowing description with references to the accompanying drawings which illustrate examples of the present invention. 

25 Fig. 1 is a block diagram showing the construction of an example of a optical wavelength selector of the prior art; 

Fig. 2 is a block diagram showing the construction of a WDM optical network, which is an optical communication 
system of the prior art; 

30 Fig. 3 is a block diagram showing the construction of a second example of an optical wavelength selector of the 
prior art; 

Fig. 4 is a block diagram showing the construction of the overall configuration of an optical wavelength selector 
according to the first embodiment of the present invention; 

35 

Fig. 5 is a block diagram showing a wavelength-division demultiplexer in the first embodiment; 

Fig. 6 is a block diagram showing an optical wavelength router in the first embodiment; 

40 Fig. 7 is a block diagram showing a WDM optical network, which is an optical communication system, in the first 
embodiment; 

Fig. 8 is a block diagram showing an optical wavelength selector according to the second embodiment of the 
present invention; 

45 

Fig. 9 is a block diagram showing a wavelength-division demultiplexer in the second embodiment; 

Fig. 10 is a graph showing the transmission characteristic of the wavelength-division demultiplexer in the second 
embodiment; 

50 

Fig. 1 1 is a block diagram showing an optical wavelength router in the second embodiment; 

Fig. 12 is a graph showing the transmission characteristics of the optical wavelength router in the second embodi- 
ment; 

55 

Fig. 1 3 is a block diagram showing an optical wavelength selector according to the third embodiment of the present 
invention; 
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Fig. 14 is a block diagram showing a first wavelength-division demultiplexer in the third embodiment; 

Fig. 15 is a graph showing the transmission characteristic of a first wavelength-division demultiplexer in the third 
embodiment; 

5 

Fig. 16 is a block diagram showing the second wavelength-division demultiplexer in the third embodiment; 

Fig. 17 is a graph showing the transmission characteristic of the second wavelength-division demultiplexer in the 
third embodiment; 

10 

Fig. 18 is a block diagram showing an optical wavelength selector according to the fourth embodiment of the 
present invention; 

Fig. 19 is a block diagram showing a wavelength-division demultiplexer in the fourth embodiment; 

15 

Fig. 20 is a graph showing the transmission characteristic of a wavelength-division demultiplexer in the fourth 
embodiment; 

Fig. 21 is a block diagram showing an optical wavelength router in the fourth embodiment; 

20 

Fig. 22 is a graph showing the transmission characteristic of an optical wavelength router in the fourth embodiment; 

Fig. 23 is a block diagram showing an optical wavelength selector according to the fifth embodiment of the present 
invention; 

25 

Fig. 24 is a block diagram showing an optical wavelength selector according to the sixth embodiment of the present 
invention; 

Fig. 25 is a block diagram showing an optical wavelength router in the sixth embodiment; 

30 

Fig. 26 is a graph showing the transmission characteristic of the optical wavelength router in the sixth embodiment; 

Fig. 27 is a block diagram showing an optical wavelength selector in the seventh embodiment; 

35 Fig. 28 is a block diagram showing an optical wavelength selector in the eighth embodiment; 

Fig. 29 is a block diagram showing a WDM optical network, which is an optical communication system, in the ninth 
embodiment of the present invention; 

40 Fig. 30 is a block diagram showing an optical crossbar switch in the ninth embodiment; and 

Fig. 31 is a block diagram showing an optical wavelength selector in the ninth embodiment. 

Explanation of the first embodiment of the present invention will first be presented with reference to Figs. 4 to 7. 
45 As shown in Fig. 4, the optical wavelength selector of this embodiment is provided with one optical fiber 10. WDM 
optical signal is inputted to this optical fiber 10. 

This WDM optical signal is the combination of n (in this case 4) WDM channel groups, each WDM channel group 
being the multiplexed light of m (in this case, 4) WDM channels. 

The one input port of wavelength-division demultiplexer 20 is connected to optical fiber 1 0. The four output ports of 
so wavelength-division demultiplexer 20 are each connected to one of four optical gate switches 40-43, which are semi- 
conductor Optical Amplifiers, by means of four optical fibers 30-33, respectively. 

These optical gate switches 40-43 are connected to the four input ports of optical wavelength router 60 by means 
of four optical fibers 50-53, respectively. The four output ports of optical wavelength router 60 are in turn each con- 
nected to one of four optical fibers 90-93, respectively. 

55 Regarding the WDM channels x 0 , h X<\s contained in the WDM optical signal inputted to the optical wavelength 

selector of this embodiment, wavelength of WDM channel A. 0 may be, for example, 1540 nm, and the remaining wave- 
lengths may each increase by 1 nm, X 15 being equal to 1555 nm. 

Of these WDM channels Xq, A. 1p A^, and X 3 is identified as WDM channel group A. WDM channels A. 4 , *k$, X^, and 



7 



EP 0 849 968 A2 



X 7 are identified as WDM channel group 8. WDM channels X Ql X$ f X 10 , and X u are identified as WDM channel group 
C. WDM channels A. 12 , X 13 . A. 14 , and X 15 are identified as WDM channel group D. 

As shown in Fig. 5, wavelength-division demultiplexer 20 is made up of input port 510, arrayed waveguide grating 
device 500. four wavelength-division multiplexers 530-533, and four output ports 540-543. 
5 Input port 510 is made up of an optical fiber. Arrayed waveguide grating device 500 is a silica waveguide device 
fabricated on a silicon substrate. The four wavelength-division multiplexers 530-533 are made from optical fiber and are 
connected to arrayed waveguide grating device 500 by means of sixteen optical fibers 520. The four output ports 540- 
543 are also made of optical f foers. 

Arrayed waveguide grating device 500 is made up of one input waveguide 610, slab waveguide 620, arrayed 
io waveguide grating 630, slab waveguide 640, and sixteen output waveguides 650. 

As an example, WDM optical signal having WDM channels Xq, X^ X 15 is inputted from input port 510 to input 

waveguide 61 0 of arrayed waveguide grating device 500. This WDM optical signal then passes through slab waveguide 
620, is propagated through arrayed waveguide grating 630, and then inputted to slab waveguide 640. 

In this slab waveguide 640, WDM channel Xq is focused on output waveguide 650-0. Similarly, WDM channels X 1f 
is X 2 , ■■• A. 15 are focused on output waveguides 650-1 , 650-2 650-15, respectively. 

These output waveguides 650-0, 650-1, 650-2, and 650-3 are connected to the input ports of wavelength-division 
multiplexer 530 by means of optical ffoers 520, whereby WDM channels Xq, X-\, X^, and X 3 are outputted from output 
port 540. 

In the same way, the WDM channels X 4 , X 5 , Xq, and X? are combined by wavelength-division multiplexer 531 and 
20 outputted from output port 541. The WDM channels X s , X 9 , X 10 , and are combined by wavelength-division multi- 
plexer 532 and outputted from output port 542. The WDM channels A. 12 , A. 13> A. 14 , and X 15 are combined by wavelength- 
division multiplexer 533 and outputted from output port 543. 

Drive circuits (not shown in the figure) are connected to optical gate switches 40-43, and currents are individually 
inputted from these drive circuits to each of optical gate switches 40-43. 
25 The gain of semiconductor optical amplifier used as optical gate switches 40-43 ranges from 0 dB when the current 
is 30 mA to -60 dB when the current is 0 mA. Accordingly, the semiconductor optical amplifier operate as optical gate 
switches and turn ON when the current is 30 mA and turn OFF when the current is 0 mA. The drive circuits output cur- 
rents to the four optical gate switches 40-43 such that only one switch turns ON at a time. 

As shown in Fig. 6, optical wavelength router 60 is made up of four input ports 510-513 that are made of optical 
30 fiber, four arrayed waveguide grating devices 500-503 that are made of silica glass, four wavelength-division multiplex- 
ers 530-533 that are made of optical fiber, and four output ports 540-543 that are made of optical fiber. Wavelength- 
division multiplexers 530-533 are connected to each of the four arrayed waveguide grating devices 500-503 by means 
of sixteen optical fibers 520. 

Arrayed waveguide grating devices 500-503 are each made up of one input waveguide 610, slab waveguide 620, 
35 arrayed waveguide grating 630, slab waveguide 640, and four output waveguides 650. The four arrayed waveguide grat- 
ing devices 500-503 are each provided with four output waveguides 650. Of this total of sixteen output waveguides 650, 
four are distributed to each of the four wavelength-division multiplexers 530-533. 

For example, the four WDM channels Xq, X 1f X 2 , and X 3 are inputted from input port 510 to input waveguide 610 of 
arrayed waveguide grating device 500, whereupon these WDM channels pass by way of slab waveguide 620, are prop- 
40 agated through arrayed waveguide grating 630, and are then inputted to slab waveguide 640. 

In this slab waveguide 640, WDM channel X 0 is focused on output waveguide 650-0 and WDM channels X<\ , X 2 , and 
X 3 are similarly focused on output waveguides 650-1, 650-2, and 650-3. 

Output waveguides 650-0, 650-1 , 650-2, and 650-3 are each connected to an input port of wavelength-division mul- 
tiplexers 530, 531 , 532, and 533 by means of optical fibers 520, whereby the WDM channels Xq, X^ , X 2 , and X 3 are each 
45 outputted from output ports 540. 541 , 542, and 543, respectively. 

In the same way, when WDM channels X 4 , X 5 , X*, and X 7 are inputted from optical fiber 51 1 , these WDM channels 
are each focused on output waveguides 650-0, 650-1 , 650-2, and 650-3, and outputted from output ports 540, 541 , 542, 
and 543, respectively. 

When the four WDM channels Xq, Xq, X 10 , and X^ are inputted from optical fiber 512, these WDM channels are 
50 each focused on output waveguides 650-0, 650-1 , 650-2, and 650-3, and outputted from output ports 540, 541 , 542, 
and 543, respectively. 

When the four WDM channels X 12 , X 13 , X 14 , and A, 15 are inputted from optical fiber 513, these WDM channels are 
each focused on output waveguides 650-0, 650-1, 650-2, and 650-3, and outputted from output ports 540, 541, 542, 
and 543, respectively. 

55 The operation of the optical wavelength selector of this embodiment in the above-described construction is 
described in sequence hereinbelow. First, the sixteen-channel WDM optical signal inputted from optical fiber 10 is sep- 
arated into four WDM channel groups A, B, C, and D, by means of wavelength-division demultiplexer 20. The WDM 
channel group A is propagated through optical fiber 30. 
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In the same way, the WDM channel group B is propagated through optical fiber 31 ; the WDM channel group C is 
propagated through optical fiber 32, and the WDM channel group D is propagated through optical fiber 33. 

Next, if only first optical gate switch 40 is turned ON and the other optical gate switches 41-43 are turned OFF, only 
the WDM channels Xo, X-j , X2, and X 3 , i.e., the WDM channel group A, is inputted to optical wavelength router 60. Optical 
5 wavelength router 60 separates the inputted WDM channel group into 4 WDM channels and outputs them. 

Next, WDM channel Xq is outputted from optical fiber 90, WDM channel X-i is outputted from optical fiber 91 , WDM 
channel X 2 is outputted from optical fiber 92, and WDM channel X 3 is outputted from optical fiber 93. 

When the second optical gate switch 41 is turned ON and the other optical gate switches are all turned OFF, only 
the WDM channels X 4 , X5, X5, and X 7 , i.e., the WDM channel group B, is inputted to optical wavelength router 60 from 
10 optical fiber 51 . Accordingly, WDM channel X 4 is outputted from optical fiber 90, WDM channel X 5 is outputted from opti- 
cal fiber 91, WDM channel Xq is outputted from optical fiber 92, and WDM channel X 7 is outputted from optical fiber 93. 

In the same way, when only optical gate switch 42 is turned ON, the WDM channel group C is outputted from optical 
fibers 90-93. When only optical gate switch 43 is turned ON, the WDM channel group D is outputted from optical fibers 
90-93. 

15 The above-described optical wavelength selector of the present embodiment can select out of the WDM channel 
groups A, B, C, and D from the inputted WDM optical signal by turning ON and OFF optical gate switches 40-43. The 
selected WDM channel group is finally outputted from optical ffoers 90-93, the one WDM channel being outputted from 
each fiber. Accordingly, these WDM channels can be received directly by optical receivers without passage through an 
optical filter or other component. 

20 Accordingly, the configuration of the WDM optical network shown as an example of the prior art in Fig. 2 can be 
simplified as shown in Fig. 7 by using the optical wavelength selector of this embodiment. In this WDM optical network, 
which is the optical communication system shown in Fig. 7, each node is provided with four optical transmitters and four 
optical receivers but only one optical wavelength selector. 

For example, node 1 is provided with optical transmitters 110-1 13, optical wavelength selector 140, and optical 

25 receivers 150-153. Optical transmitters of node 1 transmits WDM channels Xq, X 1t X 2 , and X 3 . Optical transmitters of 
node 2 transmits WDM channels X 4 , X5, Xg, and X 7 . Optical transmitters of node 3 transmits WDM channels X 8 , X9, X 10 , 
and X 1V Optical transmitters of node 4 transmits WDM channels X 12 , X 13 , X 14 , and X 15 . 

The WDM channels Xq-X 15 transmitted from the sixteen optical transmitters 1 10-113, 210-213, 310-313, and 410- 
413 passes by way of the sixteen optical fibers 120-123, 220-223, 320-323, and 420-423, which are the optical trans- 

30 mission medium, and are combined by means of one star coupler 100. This combined light is outputted to four optical 
fibers 130, 230, 330, and 430, which are the optical transmission medium. 

In brief, WDM optical signal is outputted to optical wavelength selectors 140, 240, 340, and 440 using the above- 
described components. Accordingly, if these optical wavelength selectors 140, 240, 340, and 440 output the WDM 
channel groups A, B, C, and D by wavelength, the plurality of WDM channels in these outputted WDM channel groups 

35 is directly received by optical receivers 150-153, 250-253, 350-353, and 450-453. 

In the above-described WDM optical network, the number of optical fibers 130-133, 230-233, 330-333, and 430- 
433 and optical wavelength selectors 140-143, 240-243, 340-343, and 440-443 is only one-quarter that in the WDM 
optical network of Fig. 2, thereby affording a reduction in scale, an improvement in productivity, as well as a reduction 
in cost. 

40 In addition, the number of branches on the output side in star coupler 1 00 is reduced from 1 6 to 4, thereby reducing 
the loss in optical power by a minimum of 6 dB. 

The second embodiment of the present invention will next be described with reference to Figs. 8 to 12. 
First, as shown in Fig. 8, in the optical wavelength selector of this embodiment as well, optical fiber 1 0 is connected 
to the input port of wavelength-division demultiplexer 20, and the output ports of this wavelength-division demultiplexer 
45 20 are connected to optical gate switches 40-43 by means of optical fibers 30-33. The output ports of these optical gate 
switches 40-43 are connected to the four input ports of optical wavelength router 60 by means of optical fibers 50-53, 
and the four output ports of this optical wavelength router 60 are connected to optical fibers 90-93. 

The wavelength of WDM channel Xq of the WDM optical signal inputted to the optical wavelength selector of this 
embodiment is 1540 nm, and the remaining WDM channels Xq, X 1p X 31 of the WDM optical signal each increase in 
50 1-nm increments, the wavelength of WDM channel X 31 being 1571 nm. 

Of these, WDM channels X 0 , Xj, X 3 , and Xs make up WDM channel group A, WDM channels X 8 , X9, X 11p and X 14 
make up WDM channel group B, WDM channels X 16 , X 17 , X-ig, and X22 make up WDM channel group C, and WDM 
channels X25, X 26 , X 28 , and X 31 make up WDM channel group D. In other words, this WDM optical signal contains n (in 
this case, 4) WDM channel groups each made up of m (in this case, 4) WDM channels. 
55 The (a+1)th (where (a+1) is any natural number from 1 to n) WDM channel group {X a0 , X a1 , X a2 , .... X am _ 2 , X am ^} 
then satisfies the relation "Xo b - Xq^ = X^ - X^" with respect to b, which is any natural number from 1 to m. Since m 
and n are equal in this embodiment, and both m and n equal 4 in this case, a and b are each in the range from 0 to 3. 
As shown in Fig. 9, wavelength-division demultiplexer 20 is made up of input port 51 0 made of optical fiber, arrayed 
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waveguide grating device 500 made of silica glass, and four output ports 540-543 made of optical fiber. Wavelength- 
division multiplexers 530-533 are omitted. 

Arrayed waveguide grating device 500 is made up of one input waveguide 610, slab waveguide 620, arrayed 
waveguide grating 630. slab waveguide 640, and four output waveguides 650. These four output waveguides 650 are 
5 each directly connected to a respective one of the four output ports 540-543. 

The light inputted from input port 510 to the input waveguide 610 of arrayed waveguide grating device 500 passes 
through slab waveguide 620 and is propagated through arrayed waveguide grating 630. The light is then focused on dif- 
ferent positions according to wavelength in slab waveguide 640. 

Wavelength-division demultiplexer 20 of the construction described hereinabove has a transmission characteristic 
w such as shown in Fig. 10. The bandwidth of arrayed waveguide grating device 500 is 8 nm. The transmittance 700 from 
input port 510 to output port 540 is -1 dB for WDM channels Xq - X 7 and -30 dB for WDM channels Xq * ^31- 

In the same way, transmittance 701 from input port 510 to output port 541 is -1 dB for WDM channels A, 8 - X^ and 
-30 dB for the other WDM channels. Transmittance 702 from input port 510 to output port 542 is -1 dB for WDM chan- 
nels X 16 - X& and -30 dB for the other WDM channels. Transmittance 703 from input port 510 to output port 543 is -1 
15 dB for WDM channels X 2 4 ~ *-3i and _3 ° dB for the other WDM channels. 

Accordingly, when the WDM channel groups A, B, C, and D are inputted from input port 510, the WDM channel 
group A are outputted to output port 540. The WDM channel group B are outputted to output port 541 , the WDM chan- 
nel group C are outputted to output port 542, and the WDM channel group D are outputted to output port 543. 

On the other hand, as shown in Fig. 1 1 , optical wavelength router 60 is made up of four input ports 510-513 made 
20 of optical fiber, one arrayed waveguide grating device 500 made of silica glass, and four output ports 540-543 made of 
optical fiber. The four input ports 510-513 and output ports 540-543 are connected to one arrayed waveguide grating 
device 500. This arrayed waveguide grating device 500 is made up of 32 input waveguides 610, slab waveguide 620, 
arrayed waveguide grating 630, slab waveguide 640, and 32 output waveguides 650. 

Input ports 510, 511, 512, and 513 are connected to input waveguides 610-0, 610-8, 610-16, and 610-25, respec- 
25 tively, of arrayed waveguide grating device 500. Output ports 540, 541, 542, and 543 are connected to output 
waveguides 650-0, 650-1, 650-3, and 650-6, respectively, of arrayed waveguide grating device 500. 

Light inputted from input port 510 to input waveguide 610-0 of arrayed waveguide grating device 500 passes 
through slab waveguide 620 and is propagated through arrayed waveguide grating 630. The light is then focused on dif- 
fering positions by wavelength in slab waveguide 640. 
30 Fig. 12 shows the transmission characteristic of optical wavelength router 60. The bandwidth of arrayed waveguide 
grating device 500 is 1 nm. Transmittance 700 from input port 510 to output port 540 is maximum at WDM channel Xq. 

Similarly, transmittance 701 from input port 510 to output port 541 is maximum at WDM channel X^. Transmittance 
702 from input port 510 to output port 542 is maximum at WDM channel X z . Transmittance 703 from input port 510 to 
output port 543 is maximum at WDM channel X s . 
35 Light inputted from input ports 51 1 , 512, and 513 to input waveguides 610-8, 610-16, and 610-25, respectively, of 
arrayed waveguide grating device 500 also passes through slab waveguide 620 and is propagated through arrayed 
waveguide grating 630. The light is then focused on different positions by wavelength in slab waveguide 640. 

Here, the wavelength of light outputted from the same output ports differs depending on which of input ports 510, 
511, 512, and 513 light is inputted from. The correspondence of the wavelength of light transmitted through input 
40 waveguide 610 and output waveguide 650 in arrayed waveguide grating device 500 is shown in Table 2 below. 
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45 In order to simplify the table, input waveguides 610-0, 610-1, 610-2 ... and output waveguides 650-0, 650-1, 650-2. 
... in the above table are simply indicated by "0, 1, 2," and so on. 

From Table 2 above, When WDM channels X 0 , X 1f A 3 , and X s is inputted from input port 510, WDM channel Xq is 
outputted from output port 540, WDM channel a 1 is outputted from output port 541 , WDM channel A 3 is outputted from 
output port 542, and WDM channel \$ is outputted from output port 543. 
so When WDM channels A, 8 , X$, X^ , and X^ 4 is inputted from input port 511, WDM channel A 8 is outputted from output 
port 540. At the same time, WDM channel Xg is outputted from output port 541, WDM channel A-n is outputted from 
output port 542, and WDM channel X 14 is outputted from output port 543. 

When WDM channels X 16 , X 17 , A, 19 , and X22 is inputted from input port 512, WDM channel X-\ S is outputted from 
output port 540. At the same time, WDM channel a 17 is outputted from output port 541 , WDM channel A. 19 is outputted 
55 from output port 542, and WDM channel X22 is outputted from output port 543. 

When WDM channels ^5, ^28» ^6 X 31 is inputted from input port 513, WDM channel A^ 5 is outputted from 
output port 540. At the same time, WDM channel X26 is outputted from output port 541 , WDM channel X 2 q is outputted 
from output port 542, and WDM channel X 31 is outputted from output port 543. 
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In brief, wavelength-division demultiplexer 20 and optical wavelength router 60 in the optical wavelength selector of 
this embodiment have the above-described transmission characteristic, whereby WDM channels is extracted from a 
particular WDM optical signal. 

In other words, WDM optical signal in which the (a+1)th (where (a+1) is any natural number from 1 to n) WDM chan- 
5 nel group {X a0 , Vi, A. a2 , ... >-am-2. ^am-iJ satisfies the relation n XQ b - Xq^ = X ab . X^" with respect to b, which is any 
natural number from 1 to m, is separated into n WDM channel groups, and the WDM channel group is then separated 
into m WDM channels, one beam for each wavelength. As described hereinabove, m and n are equal, and both equal 
4 in this embodiment, and a and b are therefore in the range from 0 to 3. 

The operation of the optical wavelength selector of this embodiment in the above-described construction is next 
w described in sequence hereinbelow. First, the WDM channel groups A, B, C, and D that is inputted from optical fiber 10 
is divided by means of wavelength-division demultiplexer 20. The WDM channel group A is then propagated through 
optical fiber 30, the WDM channel group B is propagated through optical fiber 31, the WDM channel group C is propa- 
gated through optical fiber 32, and the WDM channel group D is propagated through optical fiber 33. 

Then, by turning ON only optical gate switch 40 and turning OFF optical gate switches 41 -43, only the WDM chan- 
15 nels Xq, X 1 , Xq, and X 6 of WDM channel group A is inputted from optical fiber 50 to optical wavelength router 60, whereby 
WDM channel Xq is outputted from optical fiber 90, WDM channel X<i is outputted from optical fiber 91 , WDM channel 
Xz is outputted from optical fiber 92, and WDM channel ^ is outputted from optical fiber 93. 

By turning ON only optical gate switch 41 and turning OFF all of the other optical gate switches, only WDM chan- 
nels Xq, X s , and X u of WDM channel group B is inputted from optical fiber 51 to optical wavelength router 60. 
20 Accordingly, WDM channel X 8 is outputted from optical fiber 90, WDM channel X$ is outputted from optical fiber 91, 
WDM channel X^ is outputted from optical fiber 92, and WDM channel A. 14 is outputted from optical fiber 93. 

Similarly, when only optical gate switch 42 is turned ON, WDM channel group C is outputted from optical fibers 90- 
93, and when only optical gate switch 43 is turned ON, WDM channel group D is outputted from optical fibers 90-93. 
The optical wavelength selector of this embodiment enables selection of one of the WDM channel groups A, B, C, 
25 and D by turning optical gate switches 40-43 ON and OFF from the above-described WDM optical signal. The outputted 
WDM channel group can be received directly by the optical receivers without the interposition of an optical filter or other 
component. 

The use of the optical wavelength selector of this embodiment therefore allows a simplification of the configuration 
of a WDM optical network, which is an optical communication system. In such a case, the portion serving as the WDM 
30 optical signal transmitting means of the WDM optical network may generate the WDM optical signal of the setting 
described hereinabove and output to an optical wavelength selector. 

In this case, the optical transmitter 110-113, 210-213, 310-313, 410-413 and the optical fiber 120-123, 220-223, 
320-323, 420-423 and the star coupler 100 are serving as the WDM optical signal transmitting means. 
The third embodiment of the present invention is next described with reference to Figs. 13 to 17. 
35 As shown in Fig. 13, in the optical wavelength selector of this embodiment as well, the input port of wavelength- 
division demultiplexer 20 is connected to optical fiber 1 0, and the four output ports of wavelength-division demultiplexer 
20 are each connected to a respective optical gate switch of optical gate switches 40-43 by means of optical fibers 30- 
33. 

The output ports of optical gate switches 40-43, however, are connected by means of optical fibers 50-53 to the four 

40 input ports of optical combiner 70, which are made of optical fiber. The one output port of this optical combiner 70 is 
connected to the input port of wavelength-division demultiplexer 80 by means of optical fiber 75. 

Essentially, in the optical wavelength selector of this embodiment, the portion made up by the combination of opti- 
cal combiner 70 and the second wavelength-division demultiplexer 80 functions as optical wavelength router 60. Optical 
fibers 90-93 are then connected to the four output ports of wavelength-division demultiplexer 80. 

45 Of the WDM channels Xq, X<\ X 15 of the WDM optical signal inputted to the optical wavelength selector of this 

embodiment wavelengths of WDM channel, X 0 is 1540 nm and each of the remaining wavelengths increases by 1-nm 
increments, wavelengths of WDM channel A, 15 is being 1555 nm. WDM channels Xq, X<\, X 2 , and A, 3 are WDM channel 
group A, WDM channels A. 4 , X 5 , X$ t and X 7 are WDM channel group B, WDM channels X Qt Xq, X-\ Q , and X^ are WDM 
channel group C, and WDM channels A. 12 , ^13, A. 14 , and X 15 are WDM channel group D. 

so In brief, in this WDM optical signal, the wavelengths of the m (in this case, 4) WDM channels belonging to each of 
n (in this case, 4) WDM channel groups A-D are lined up continuously on the wavelength axis, and moreover, the wave- 
length spacing between each of WDM channel groups A-D is equal. 

As shown in Fig. 14, wavelength-division demultiplexer 20 is made up of one input port 510 made of optical fiber, 
one arrayed waveguide grating device 500 made of silica glass, and four output ports 540-543 made of optical ffoer. 

55 Arrayed waveguide grating device 500 is made up of one input waveguide 61 0, slab waveguide 620, arrayed waveguide 
grating 630, slab waveguide 640, and four output waveguides 650. 

Light inputted from input port 510 to input waveguide 610 of arrayed waveguide grating device 500 passes through 
slab waveguide 620 and is propagated through arrayed waveguide grating 630. The light is then focused on different 
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positions by wavelength in slab waveguide 640. 

Wavelength-division demultiplexer 20 of the above-described construction has the transmission characteristic 
shown in Fig. 15. The bandwidth of arrayed waveguide grating device 500 is 4 nm. Transmittance 700 from input port 
510 to output port 540 is -1 dB at WDM channels Xq-X 3i and -30 dB at WDM channels X 4 -X 15 . 
s Similarly, transmittance 701 from input port 510 to output port 541 is -1 dB at WDM channels X^-Xj, and -30 dB at 
the other WDM channels. Transmittance 702 from input port 510 to output port 542 is -1 dB at WDM channels Xg-X^, 
and -30 dB at the other WDM channels. Transmittance 703 from input port 510 to output port 543 is -1 dB at WDM chan- 
nels X 12 -X 15 , and -30 dB at the other WDM channels. 

Accordingly, when the WDM channel groups A, B, C, and D is inputted from input port 51 0, the WDM channel group 
10 A are outputted to output port 540, the WDM channel group B are outputted to output port 541 , the WDM channel group 
C are outputted to output port 542, and the WDM channel group D are outputted to output port 543. 

Fig. 16 is a block diagram showing the construction of wavelength-division demultiplexer 80. As with wavelength- 
division demultiplexer 20, wavelength-division demultiplexer 80 of the optical wavelength selector of this embodiment is 
made up from input port 510 made of optical fiber, arrayed waveguide grating device 500 made of silica glass, and four 
15 output ports 540-543 made of optical fiber. The transmission characteristic of arrayed waveguide grating device 500, 
however, differs from that of wavelength-division demultiplexer 20. 

The transmission characteristic of this wavelength-division demultiplexer 80 is shown in Fig. 17. Arrayed waveguide 
grating device 500 has a bandwidth of approximately 1 nm. Transmittance 700 from input port 510 to output port 540 is 
maximum for WDM channels X 0 , X 4 , X 8 , and X 12 . The above-described transmission characteristic can be obtained if 
20 the FSR (Free Spectral Range) of the arrayed waveguide grating is set to 4 nm. 

Similarly, transmittance 701 from input port 510 to output port 541 is maximum for WDM channels X 1( X 5 , Xg. and 
X 13 . Transmittance 702 from input port 510 to output port 542 is maximum for WDM channels X^ Xe. X 10 , and X 14 . 
Transmittance 703 from input port 510 to output port 543 is maximum for WDM channels X 3 , X 7 , X 1 1f and X 15 . 

The transmission characteristic of arrayed waveguide grating device 500 has periodicity, and as a result, when 

25 WDM channels X 0 , X-| X 15 is inputted from input port 510, WDM channels Xq, X4, X 8 , and X 12 are outputted to output 

port 540. At the same time, WDM channels X-j , X 5 , X 9 , and X 13 are outputted to output port 541 , WDM channels X2, X 6 , 
X 10 , and X 14 are outputted to output port 542, and WDM channels X 3 , X 7 , X 1 1p and X 15 are outputted to output port 543. 

In the optical wavelength selector of this embodiment, prescribed transmission characteristics are conferred on 
wavelength-division demultiplexers 20 and 80, and as a result, WDM optical signal, in which each of the m (in this case, 
so 4) WDM channels of each n (in this case, 4) WDM channel groups are lined up continuously along the wavelength axis, 
and moreover, in which the wavelength spacing between each WDM channel groups is equal, is separated into n WDM 
channel groups, following which this WDM optical signal is further separated into m WDM channels, and outputted. 

The operation of the optical wavelength selector of this embodiment in the above-described construction will next 
be described in sequence. First, sixteen-wave light of the WDM channel groups A, B, C, and D inputted from optical 
35 fiber 10 is separated into 4 WDM channel groups by wavelength-division demultiplexer 20. The WDM channel group A 
is propagated through optical fiber 30, the WDM channel group B is propagated through optical fiber 31, the WDM 
channel group C is propagated through optical fiber 32, and the WDM channel group D is propagated through optical 
fiber 33. 

When only optical gate switch 40 is turned ON and optical gate switches 41-43 are turned OFF, only the WDM 
40 channels Xq, X 1( X^ and X 3 of WDM channel group A is outputted to optical fiber 75. As a result, WDM channel Xq is 
outputted from wavelength-division demultiplexer 80 to optical fiber 90, WDM channel X-j is outputted to optical fiber 91 , 
WDM channel X 2 is outputted to optical fiber 92, and WDM channel X 3 is outputted to optical fiber 93. 

When only optical gate switch 41 is turned ON and the other optical gate switches are turned OFF, only WDM chan- 
nels X 4 , X 5 , X 6 , and X 7 of WDM channel group B is inputted to optical fiber 75. WDM channel X 4 is outputted to optical 
45 fiber 90. WDM channel X 5 is outputted to optical fiber 91, WDM channel X$ is outputted to optical fiber 92, and WDM 
channel X 7 is outputted to optical fiber 93. 

Similarly, when only optical gate switch 42 is turned ON, WDM channel group C is outputted to optical fibers 90-93, 
and when only optical gate switch 43 is turned ON, WDM channel group D is outputted to optical fibers 90-93. 

The optical wavelength selector of the present embodiment can select one of the WDM channel groups A, B, C, 
so and D from the inputted WDM optical signal by turning ON and OFF optical gate switches 40-43 upon input of the 
above-described WDM optical signal, whereby the selected WDM channels outputted by WDM channel group can be 
received directly by an optical receiver without the interposition of an optical filter or other component. 

Accordingly, the use of the optical wavelength selector of this embodiment enables a simplification of the construc- 
tion of a WDM optical network. In such cases, the portion that serves as the WDM optical signal transmitting means of 
55 the WDM optical network may generate WDM optical signal set as described hereinabove and output to the optical 
wavelength selector. 

Explanation of the fourth embodiment of the present invention is next presented with reference to Figs. 18-22. 
As shown in Fig. 18, in the optical wavelength selector of this embodiment as well, optical fiber 10 is connected to 
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the input port of wavelength-division demultiplexer 20, and the four output ports of wavelength-division demultiplexer 20 
are each connected to a respective optical gate switch of optical gate switches 40-43 by means of optical fibers 30-33, 
respectively. 

The output ports of optical gate switches 40-43 are each connected to a respective input port of the four input ports 
5 of optical wavelength router 60 by means of optical fibers 50-53, respectively. The four output ports of optical wave- 
length router 60 are then connected to optical fibers 90-93, respectively. 

WDM channel Xq 0 of WDM channels XooMe of the WDM optical signal inputted to the optical wavelength selector 
of this embodiment is 1535 nm, and the remaining wavelengths increase by 1-nm increments, wavelength of WDM 
channels A. 10 . A^ 0 . and A, 30 being 1542 nm, 1549 nm, and 1556 nm, respectively, and WDM channel A^ 6 being 1562 nm. 
io WDM channels Xqq, Aol >02» and Xq 3 are identified as WDM channel group A, WDM channels X 12 , A. 13 , and X 14 are 
identified as WDM channel group B, WDM channels X^, ^23. *24. and ^25 are identified as WDM channel group C, and 
WDM channels A<j 3 , ^4, A, 35 , and are identified as WDM channel group D. 

As shown in Fig. 19, wavelength-division demultiplexer 20 is made up of one input port 510 made of optical fiber, 
one arrayed waveguide grating device 500 made of silica glass, and four output ports 540-543 made of optical fiber. 
15 Arrayed waveguide grating device 500 is made up of one input waveguide 610, slab waveguide 620, arrayed waveguide 
grating 630, slab waveguide 640, and four output waveguides 650. 

Light inputted from input port 51 0 to input waveguide 610 of arrayed waveguide grating device 500 passes through 
slab waveguide 620 and is propagated through arrayed waveguide grating 630. The light is then focused on different 
positions according to wavelength in slab waveguide 640. 
20 Fig. 20 shows the transmission characteristic of wavelength-division demultiplexer 20. The bandwidth of arrayed 
waveguide grating device 500 is 4 nm. 

Transmittance 700 from input port 510 to output port 540 is -1 dB at WDM channels A,oo->.o3. and -30 dB for the 
other WDM channels. 

Similarly, transmittance 701 from input port 510 to output port 541 is -1 dB at WDM channels XirA. 14 , and -30 dB 
25 for the other WDM channels. Transmittance 702 from input port 510 to output port 542 is -1 dB at WDM channels X 22 - 
X25, and -30 dB for the other WDM channels. Transmittance 703 from input port 51 0 to output port 543 is -1 dB at WDM 
channels X 33 -X 36 . and -30 dB for the other WDM channels. 

Accordingly, when the WDM channel groups A, B, C, and D is inputted from input port 51 0, the WDM channel group 
A is outputted to output port 540. At the same time, the WDM channel group B is outputted to output port 541 , the WDM 
30 channel group C is outputted to output port 542, and the WDM channel group D is outputted to output port 543. 

On the other hand, as shown in Fig. 21 , optical wavelength router 60 is made up of four input ports 510-513 made 
of optical fiber, one arrayed waveguide grating device 500 made of silica glass, and four output ports 540-543 made of 
optical fiber. Arrayed waveguide grating device 500 is made up of four input waveguides 610, slab waveguide 620, 
arrayed waveguide grating 630, slab waveguide 640, and four output waveguides 650. 
35 Light inputted from input port 510 to the input waveguide 610-0 of arrayed waveguide grating device 500 passes 
through slab waveguide 620 and is propagated through arrayed waveguide grating 630. The light is then focused on dif- 
ferent positions according to wavelength in slab waveguide 640. 

For example, when WDM channel Xqq is inputted from input port 510, this light is combined at output waveguide 
650-0 in slab waveguide 640, and outputted from output port 540. 
40 Fig. 22 shows the transmission characteristic of optical wavelength router 60. The bandwidth of arrayed waveguide 
grating device 500 is 1 nm, and the FSR is 7 nm. 

Accordingly, transmittance 700 from input port 510 to output port 540 is maximum at WDM channels Xo 0 , A. 10 , A^o* 
and A. 30 . Similarly, transmittance 701 from input port 51 0 to output port 541 is maximum at WDM channels A. 0 1 . *1 1 . ^21 . 
and X 31 . Transmittance 702 from input port 510 to output port 542 is maximum at WDM channels X,^, X. 12 , A. 22 , and X. 32 . 
45 Transmittance 703 from input port 510 to output port 543 is maximum at WDM channels Xq 3 , A, 13 , 7^ 3 , and X, 33 . 

Light inputted from input ports 511,512, and 51 3 to input waveguides 610-1,61 0-2, 61 0-3 of arrayed waveguide 
grating device 500 also passes through slab waveguide 620 and is propagated through arrayed waveguide grating 630. 
The light is then focused on differing positions by wavelength in slab waveguide 640. 

However, the wavelength of light outputted from the same output port differs depending on which of input ports 51 0, 
so 511, 512, or 51 3 the light is inputted from. Table 3 below shows the correspondences between input waveguide 610 and 
output waveguide 650 in arrayed waveguide grating device 500 and the wavelength of light transmitted through these 
components. 
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Table 3 





OUTPUT 




0 


1 


2 


3 


INPUT 


0 




*01 


X& 


*03 


1 




*02 


*03 


*04 


2 


*02 


*03 


*04 


*05 


3 


*03 


X04 


^05 





For the sake of simplification in the above table, input waveguides 610-0, 610-1, 610-2, ... and output waveguides 
15 650-0, 650-1 , 650-2, ... are represented by only "0, 1 , 2, ..." and so on. 

From Table 3 above, it can be seen that the light outputted from output port 540 is the WDM channel Xqo that is 
inputted from input port 510, WDM channel A^ that is inputted from input port 51 1, WDM channel 7^ that is inputted 
from input port 512, and WDM channel Xo 3 that is inputted from input port 513. 

Here it must be noted that, as shown in Fig. 22, arrayed waveguide grating device 500 has an FSR of 7 nm, and as 
20 a result, the light transmitted from input port 51 1 to output port 540 is not only WDM channel A^ , but also WDM chan- 
nels X u , A. 2 i. and A. 31 . Table 3 above may therefore be written as shown in Table 4 below. 



Table 4 





OUTPUT 




0 


1 


2 


3 


INPUT 


0 




^01 


A.02 


A<)3 




1 


^•11 


^12 


^13 


^14 




2 


X-22 


^23 


A, 2 4 


^25 




3 


^33 


^34 


^35 


^36 



35 From Table 4 above it can be seen that When WDM channels Xqo> >oi . *02. and *03 is inputted from input port 51 0, 
WDM channel Xq 0 is outputted from output port 540, WDM channel A^ is outputted from output port 541 , WDM channel 
X Q2 is outputted from output port 542, and WDM channel Ao 3 is outputted from output port 543. 

In addition, When WDM channels A^-j, A, 12 , A. 13 , and A, 14 is inputted from input port 511, WDM channel X u is out- 
putted from output port 540, WDM channel A. 12 is outputted from output port 541, WDM channel A, 13 is outputted from 
40 output port 542, and WDM channel A. 14 is outputted from output port 543. 

When WDM channels A, 2 2. ^23. ^24. and ^25 is inputted from input port 512, WDM channel X 2 2 is outputted from 
output port 540, WDM channel A^ is outputted from output port 541, WDM channel A, 2 4 is outputted from output port 
542, and WDM channel A.25 is outputted from output port 543. 

When WDM channels A^ 3 , A. 34 , k^, and X^ s is inputted from input port 513, WDM channel A33 is outputted from 
45 output port 540, WDM channel A34 is outputted from output port 541 , WDM channel A, 35 is outputted from output port 
542, and WDM channel X 36 is outputted from output port 543. 

The operation of the optical wavelength selector of this embodiment in the construction described above will next 
be explained in sequence. First, the WDM channel groups A, B, C, and D inputted from optical fiber 10 is separated into 
4 WDM channel groups by means of wavelength-division demultiplexer 20. 
50 The WDM channel group A is then propagated through optical fiber 30, the WDM channel group B is propagated 
through optical fiber 31 , the WDM channel group C is propagated through optical fiber 32, and the WDM channel group 
D is propagated through optical fiber 33. 

When only optical gate switch 40 is turned ON and optical gate switches 41-43 are OFF, only WDM channels Ao 0 , 
A01, A02. and Xq 3 of WDM channel group A are inputted to optical wavelength router 60 from optical fiber 50. As a result. 
55 WDM channel A^ 0 is outputted from optical fiber 90, WDM channel Ao-i is outputted from optical fiber 91 , WDM channel 
X02 is outputted from optical fiber 92, and WDM channel A^ 3 is outputted from optical fiber 93. 

When optical gate switch 41 is turned ON and the other optical gate switches are all OFF, only WDM channels X-j 1 , 
^12. ^13» and A, 14 of WDM channel group B is inputted from optical fiber 51 to optical wavelength router 60, and accord- 
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ingly, WDM channel X u is outputted from optical fiber 90, WDM channel X 12 is outputted from optical fiber 91 , WDM 
channel X 13 is outputted from optical fiber 92, WDM channel X 14 is outputted from optical fiber 93. 

Similarly, when only optical gate switch 42 is turned ON, WDM channel group C is outputted from optical fibers 90- 
93, and when only optical gate switch 43 is turned ON, WDM channel group D is outputted from optical fibers 90-93. 

5 The optical wavelength selector of this embodiment can select one of WDM channel groups A, B, C, and D from 
the inputted WDM optical signal by turning optical gate switches 40-43 ON and OFF upon input of the above-described 
WDM optical signal. The selected WDM channel can be received directly at optical receivers without the interposition 
of optical filters or other components. The use of the optical wavelength selector of this embodiment therefore allows a 
simplification of the configuration of a WDM optical network. 

10 Explanation of the fifth embodiment of the present invention is next presented with reference to Fig. 23. 

In the optical wavelength selector of this embodiment as well, the input port of wavelength-division demultiplexer 
20 is connected to optical fiber 10. and the four output ports of wavelength-division demultiplexer 20 are each con- 
nected to a respective optical gate switch of optical gate switches 40-43 by means of optical fibers 30-33, respectively. 
The output ports of these optical gate switches 40-43 are each connected to a respective input port of the four input 

is ports of optical combiner 70, which is made of optical fiber, by means of optical fibers 50-53, respectively. The output 
port of optical combiner 70 is connected to the input port of wavelength-division demultiplexer 80 by means of optical 
fiber 75. 

Essentially, in the optical wavelength selector of this embodiment as well, the combination of optical combiner 70 
and second wavelength-division demultiplexer 80 functions as an optical wavelength router 60, and the four output ports 
20 of wavelength-division demultiplexer 80 are connected to optical f foers 90-93, respectively. 

Of the WDM channels Xq, X 1f .... X 15 of the WDM optical signal inputted to the optical wavelength selector in this 
embodiment, wavelength of WDM channel Xq is 1 540 nm, and the remaining wavelengths increase in 1 -nm increments, 
A-15 being 1555 nm. 

WDM channels Xq, X4, X Q , and X 12 are identified as WDM channel group A, WDM channels X^, X$, Xq, and X 13 are 
25 identified as WDM channel group B, WDM channels X 2 , Xq, X 10 , and X 14 are identified as WDM channel group C, WDM 
channels X 3 ,X 7 ,X U . and 5 are identified as WDM channel group D. Essentially, the m (in this case, 4) WDM channels 
belonging to each of the n (in this case, 4) WDM channel groups of this WDM optical signal are arranged so as to have 
periodicity for each n WDM channels along the wavelength axis, and moreover, the wavelength spacing of the m WDM 
channels within each WDM channel groups is equal. 
30 The construction and operation of wavelength-division demultiplexer 20 of this embodiment are equivalent to the 
construction and operation of the wavelength-division demultiplexer 80 of the third embodiment. The construction and 
operation of the wavelength-division demultiplexer 80 of this embodiment are equivalent to the construction and oper- 
ation of wavelength-division demultiplexer 20 of the third embodiment. 

In the optical wavelength selector of this embodiment, a prescribed transmission characteristics are conferred upon 
35 wavelength-division demultiplexers 20 and 80. Accordingly, WDM optical signal, in which the m WDM channels belong- 
ing to each WDM channel group are lined up so as to have periodicity for every n WDM channels on the wavelength 
axis, and in which the wavelength spacing of the m WDM channels within each WDM channel groups is equal, is sep- 
arated into n WDM channel groups, and this WDM optical signal is then further separated into m WDM channels, and 
outputted. 

40 The operation of the optical wavelength selector of this embodiment in the above-described construction is next 
described in sequence. First, sixteen-channels WDM optical signal inputted from optical fiber 10 is separated into 4 
WDM channel groups by means of wavelength-division demultiplexer 20. The WDM channel group A is propagated 
through optical fiber 30, the WDM channel group B is propagated through optical fiber 31, the WDM channel group C 
is propagated through optical fiber 32, and the WDM channel group D is propagated through optical fiber 33. 

45 When only optical gate switch 40 is turned ON and optical gate switches 41-43 are OFF, only WDM channels X 0 , 
X 4 , Xq, and X 12 of WDM channel group A are outputted to optical fiber 75. As a result, from wavelength-division demul- 
tiplexer 80, WDM channel Xq is outputted to optical fiber 90, WDM channel X 4 is outputted to optical fiber 91, WDM 
channel Xq is outputted to optical fiber 92, and WDM channel X 12 is outputted to optical fiber 93. 

When only optical gate switch 41 is ON and the other optical gate switches are OFF, only WDM channels Xj, X 5 , 

50 x 9 , and X 13 of WDM channel group B is inputted to optical fiber 75, whereby WDM channel X A is outputted from optical 
fiber 90, WDM channel X5 is outputted from optical fiber 91, WDM channel X9 is outputted from optical fiber 92, and 
WDM channel X 13 is outputted from optical fiber 93. 

Similarly, when only optical gate switch 42 is ON, WDM channel group C is outputted from optical fibers 90-93, and 
when only optical gate switch 43 is ON, WDM channel group D is outputted from optical f foers 90-93. 

55 The optical wavelength selector of this embodiment can select one of the WDM channel groups A, B, C, and D from 
the inputted WDM optical signal by turning optical gate switches 40-43 ON and OFF upon input of the above-described 
WDM optical signal. The selected WDM channels outputted by WDM channel group can be received directly at an opti- 
cal receiver without the interposition of an optical filter or other component. 
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The use of the optical wavelength selector of this embodiment therefore enables a simplification of the configuration 
of a WDM optical network. In such a case, the portion that functions as the WDM optical signal transmitting meanss of 
the WDM optical network may generate WDM optical signal of the above-described setting and output to the optical 
wavelength selector. 

5 The sixth embodiment of the present invention is next described with reference to Figs. 24 to 26. 

First, in the optical wavelength selector of this embodiment as well, optical fiber 10 is connected to the input port of 
wavelength-division demultiplexer 20, and the four output ports of wavelength-division demultiplexer 20 are each con- 
nected to a respective optical gate switch of optical gate switches 40-43 by means of optical fibers 30-33, respectively. 
The output ports of these optical gate switches 40-43 are each connected to a respective input port of the four input 
10 ports of optical wavelength router 60 by means of optical fibers 50-53, respectively, and the four output ports of optical 
wavelength router 60 are connected to optical fibers 90-93, respectively. 

Of the WDM channels Xq, X, X 15 of WDM optical signal inputted to the optical wavelength selector in this 

embodiment, wavelength of WDM channel Xq is 1540 nm, and the remaining wavelengths increase in 1 -nm increments, 
wavelength of WDM channel A. 15 being 1555 nm. WDM channels X$, X A , X Q , and X 12 are identified as WDM channel 
15 group A, WDM channels X^ t X 5 , Xq. and A, 13 are identified as WDM channel group B, WDM channels X 2 , X$, X 10 . and 
X 14 are identified as WDM channel group C, and WDM channels X 3 , X 7 , and X 15 are identified as WDM channel 
group D. 

The construction and operation of wavelength-division demultiplexer 20 of this embodiment are equivalent to the 
construction and operation of the wavelength-division demultiplexer 80 of the third embodiment. 
20 As shown in Fig. 25, optical wavelength router 60 is made up of four input ports 510-513 that are made of optical 
fiber, one arrayed waveguide grating device 500 that is made of silica glass, and four output ports 540-543 that are 
made of optical fiber. Arrayed waveguide grating device 500 is made up of four input waveguides 610, slab waveguide 
620, arrayed waveguide grating 630, slab waveguide 640, and four output waveguides 650. 

Light inputted from input port 510 to input waveguide 610-0 of arrayed waveguide grating device 500 passes 
25 through slab waveguide 620, is propagated through arrayed waveguide grating 630, and is focused on differing posi- 
tions by wavelength in slab waveguide 640. 

Fig. 26 shows the transmission characteristic of optical wavelength router 60. The bandwidth of arrayed waveguide 
grating device 500 is 4 nm and the FSR is 16 nm. Accordingly, transmittance 700 from input port 510 to output port 540 
is maximum at WDM channels Xq-X^. 
30 Similarly, transmittance 701 from input port 510 to output port 541 is maximum at WDM channels X 4 -X 7 , transmit- 
tance 702 from input port 510 to output port 542 is maximum at WDM channels X Q -X U , and transmittance 703 from 
input port 510 to output port 543 is maximum at WDM channels A. 12 -X 15 . 

Light inputted from input ports 511, 512, and 513 to input waveguides 610-1, 610-2, and 610-3, respectively, of 
arrayed waveguide grating device 500 passes through slab waveguide 620, is propagated through arrayed waveguide 
35 grating 630, and is focused on differing positions by wavelength in slab waveguide 640. 

The wavelength of light outputted from the same output port, however, differs according to which input port 510, 
51 1 , 51 2, or 51 3 light is inputted from. Here, the correspondences between input waveguide 61 0 and output waveguide 
650 of arrayed waveguide grating device 500 and the WDM channel that is transmitted by these components is shown 
in Table 5 below. 

40 



Tables 





OUTPUT 




0 


1 


2 


3 


INPUT 


0 




^-4, ^5, ^6, ^7 


^8, ^9, ^10, ^-11 


A«12,Xl3. *-14. ^15 




1 


^4, Xs^ Xe t Xj 


Xs t Xg t Xio, ^11 


^12, *-13, ^14, ^15 


Xq, A.-), X2, X$ 




2 


^8, ^9, ^-10, ^11 


*-12, *-13, ^14,^15 


^0, ^1, ^2, ^3 


X4, X5, Xq, Xj 




3 


*-12, ^13, ^14, *-15 


^0, ^1, ^-2, ^*3 


^4, ^5, ^6, ^7 


Xq, Xq, Xjq. X 11 



For the sake of simplification in the above table, input waveguides 610-0, 610-1, 610-2, and 610-3 and output 
waveguides 650-0. 650-1 , 650-2, and 650-3 are represented simply as "0, 1 , 2, and 3." 
55 As can be seen from Table 5 above, When WDM channels Xq, X 4 , X q , and X 12 is inputted from input port 510, WDM 
channel Xq is outputted from output port 540, WDM channel X A is outputted from output port 541 , WDM channel A. 8 is 
outputted from output port 542, and WDM channel X 12 is outputted from output port 543. 

In addition, When WDM channels JL 1( A, 5 , Xq, and X^ 3 is inputted from input port 51 1, WDM channel X$ is outputted 
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from output port 540, WDM channel X$ is outputted from output port 541, WDM channel A, 13 is outputted from output 
port 542, and WDM channel A,-, is outputted from output port 543. 

When WDM channels X 2 , X e , A. 10 , and X u is inputted from input port 512, WDM channel A. 10 is outputted from out- 
put port 540, WDM channel A, 14 is outputted from output port 541 , WDM channel X 2 is outputted from output port 542, 
5 and WDM channel X$ is outputted from output port 543. 

When WDM channels X 3 , X 7 , A.^, and A. 15 is inputted from input port 513, WDM channel A, 15 is outputted from out- 
put port 540, WDM channel X 3 is outputted from output port 541 , WDM channel X 7 is outputted from output port 542, 
and WDM channel X^ is oulputted from output port 543. 

A sequential explanation of the operation of the optical wavelength selector of this embodiment in the above- 
to described construction is presented hereinbelow. First, WDM channel groups A, B, C, and D inputted from optical fiber 
10 is separated into 4 WDM channel groups by means of wavelength-division demultiplexer 20. The WDM channel 
group A is then propagated through optical fiber 30, the WDM channel group B is propagated through optical fiber 31, 
the WDM channel group C is propagated through optical fiber 32, and the WDM channel group D is then propagated 
through optical fiber 33. 

15 When only optical gate switch 40 is turned ON and optical gate switches 41-43 are OFF, only WDM channels X 0 , 
X At Xq, and X-\2 of WDM channel group A is inputted to optical wavelength router 60 from optical fiber 50, whereby WDM 
channel Ao is outputted from optical fiber 90, WDM channel X* is outputted from optical fiber 91, WDM channel A, 8 is 
outputted from optical fiber 92, WDM channel A, 12 is outputted from optical fiber 93. 

When optical gate switch 41 is turned ON and the other optical gate switches are all OFF, only WDM channels X 1t 

20 X 5 , Xq. and X^ 3 of WDM channel group B is inputted to optical wavelength router 60 from optical fiber 51 , whereby WDM 
channel X$ is outputted from optical fiber 90, WDM channel Xq is outputted from optical fiber 91, WDM channel X 13 is 
outputted from optical fiber 92, WDM channel X^ is outputted from optical fiber 93. 

In the same way, when only optical gate switch 42 is ON, WDM channel group C is outputted from optical fibers 90- 
93, and when only optical gate switch 43 is ON, WDM channel group D is outputted from optical fibers 90-93. 

25 The optical wavelength selector of this embodiment can select one of the WDM channel groups A, B, C, and D from 
the inputted WDM optical signal by turning ON and OFF optical gate switches 40-43 upon input of the above-described 
WDM optical signal, and this WDM optical signal of four WDM channels that is outputted by WDM channel group can 
be received directly at the optical receivers without the interposition of optical filters or other components. As a result, 
the use of the optical wavelength selector of this embodiment allows a simplification of the construction of a WDM opti- 

30 cal network. 

Explanation is next presented regarding the seventh embodiment of the present invention with reference to Fig. 27. 

The optical wavelength selector of this embodiment is provided with one optical splitter 200, four (which is ko) opti- 
cal gate switches 40-43, optical wavelength routers 60 and 600 in two (which is p) stages, optical gate switches 400- 
403 and 4000-4001 in two (i.e., p) stages, and one optical combiner 710. 
35 The number of first-stage optical gate switches 400-403 is four, i.e., k 1a The number of second-stage optical gate 
switches 4000-4001 is two, i.e., kp (k 2 ). 

Because "p stages" is two stages, first-stage optical wavelength router 60, four optical gate switches 400-403 of the 
first stage, the second-stage optical wavelength router 600, and the two optical gate switches 4000-4001 of the second 
stage are positioned sequentially between the four optical gate switches 40-43 and optical combiner 710. 
40 Optical splitter 200 is a fused fiber coupler. In addition, optical splitter 200 is provided with one input port and four 
output ports. 

WDM optical signal, in which 32 (i.e., ko x ^ x ... x kj x ... x kp) WDM channels are multiplexed, is inputted to optical 
splitter 200, whereupon optical splitter 200 splits the WDM optical signal into four (i.e., ko) beams. 

Each of the four optical gate switches 40-43 either cuts off or lets pass one beam of WDM optical signal inputted 
45 from optical splitter 200 and outputs to first-stage optical wavelength router 60. 

First-stage optical wavelength router 60 is an arrayed waveguide grating wavelength router which is a silica 
waveguide device fabricated on a silicon substrate. In addition, first-stage optical wavelength router 60 is provided with 
four (i.e., k^) input ports and four (i.e., kj) output ports. 

WDM optical signal is inputted from one of optical gate switches 40-43 of the preceding stage to one input port of 
so the first-stage optical wavelength router 60, whereupon the first-stage optical wavelength router 60 separates the WDM 
optical signal into four (i.e., kj) prescribed WDM channel groups, and outputs from the four output ports. 

The WDM channels which passes from each input ports to each output ports of the above<lescribed optical wave- 
length router 60 is as shown in Table 6 below. 

55 
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Table 6 

5 





OUTPUT 


o 0 


o 1 


o 2 


o 3 


INPUT 


i 0 


A 0. A 1 


A 2. A 5 


A 4. A 5 


A 6. A 7 


i 1 


AS. A 9 


A 10. All 


A 12. A 13 


A 14, A 15 


i 2 


A 16. A 17 


A 18. A 19 


A 20. A 21 


A 22. A 23 


i 3 


A 24. A 25 


A 28. A 27 


A 28. A 29 


A 30. A 31 



The four first-stage optical gate switches 400-403 either cut off or let pass the WDM channel groups inputted from 
first-stage optical wavelength router 60 and output to the second-stage optical wavelength router 600. 
25 The second-stage optical wavelength router 600 is provided with four (i.e., k^) input ports and two (i.e., kj) output 
ports. 

In the second-stage optical wavelength router 600 as well, WDM channel group is inputted from one of optical gate 
switches 400-403 of the preceding stage to one input port, whereupon the second-stage optical wavelength router 600 
separates the WDM channel group into two (i.e., kj) prescribed WDM channel, and outputs from the two output ports. 
30 The WDM channels which passes from each input ports to each output ports of the above-described optical wave- 
length router 600 is as shown in Table 7 below. 



Table 7 

35 





OUTPUT 


o 0 


o 1 


INPUT 


I 0 


AO. A 8 . A 18. A 24 


A 1 . A3. A 17, A 25 


l l 


A 2 , A 10. A 18. A 26 


A3. All. A 19. A 27 


l 2 


A 4. A 12. A 20. A 28 


AS. A 13. A 21. A 29 


I 3 


A B. A 14. A 22. A 30 


A 7 . A 15. A 23. A SI 



The two optical gate switches 4000 and 4001 of the second stage either let pass or cut off the two WDM channels 
inputted from the second-stage optical wavelength router 600, and output the result to optical combiner 710. 
55 This optical combiner 710 is provided with two (i.e., kp) input ports and one output port. Upon input of one WDM 
channel to one input port from one of the two optical gate switches 4000 and 4001 of the preceding stage, optical com- 
biner 710 outputs this light from one output port. 

The optical wavelength selector of this embodiment in the above-described construction enables selection of one 



19 



EP0849 968 A2 



WDM channel from WDM optical signal in which the light of ko x k\ x ... x kj x ... x kp WDM channels are multiplexed. 

As described hereinabove, in this embodiment, p stages is two stages; ko is four; k-j is four; and l<2 (kp) is two. 
Accordingly, the WDM optical signal is the multiplexed light of 32 (4 x 4 x 2) WDM channels. 

In the optical wavelength selector of this embodiment, one WDM channel is selected from the WDM optical signal 
5 and outputted by turning ON one of the first four optical gate switches 40-43, turning ON one of the four first-stage opti- 
cal gate switches 400-403, and turning ON one of the two second-stage optical gate switches 4000 and 4001 . 

The optical wavelength selector of this embodiment enables selection of one of the 32 (4 x 4 x 2) WDM channels, 
but the number of optical gate switches 40 ... required for this selection is only ten (4 + 4 + 2). In other words, a limited 
number of optical gate switches can select a large number of WDM channels. 
w As a result, the optical wavelength selector of this embodiment enables a reduction in size and an improvement in 
productivity, as well as a reduction in power consumption. 

Furthermore, as described hereinabove, the optical wavelength selector of this embodiment requires only a limited 
number of optical gate switches 40 • • • in each stage. As a result, only a limited number of wave spirting are required 
in optical splitter 200, and the number of wave combinations in optical combiner 710 are also limited in number. Optical 
15 signal loss in the optical wavelength selector of this embodiment is therefore suppressed. 

Explanation is next presented regarding the eighth embodiment of the present invention with reference to Fig. 28. 
Portions of the embodiment that are identical to those of the above-described seventh embodiment are here omitted. 

The optical wavelength selector of this embodiment is provided with one wavelength-division demultiplexer 20, four 
optical gate switches 40-43, optical wavelength routers 60 and 600 in two stages, optical gate switches 400-403 and 
20 4000-4001 in two stages, and one wavelength-division multiplexer 70. 

Wavelength-division demultiplexer 20 inputs WDM optical signal in which 32 (i.e., ko x kj x ... x kj x ... x kp) WDM 
channels are multiplexed, whereupon wavelength-division demultiplexer 20 separates the WDM optical signal into four 
(i.e., ko) beams, one beam for each of the prescribed first-stage WDM channel groups, and outputs the result to optical 
gate switches 40-43. 

25 The first-stage optical wavelength router 60 inputs first-stage WDM channel group from one of optical gate switches 
40-43 to one input port, whereupon first-stage optical wavelength router 60 separates the first-stage WDM channel 
group into four beams, one beam for each of the prescribed second-stage WDM channel groups, and outputs the result 
from the four output ports to four respective first-stage optical gate switches 400-403. The WDM channels which passes 
from each input ports to each output ports of the above-described optical wavelength router 60 is as shown in Table 8 

30 below: 



Table 8 
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Second-stage optical wavelength router 600 inputs WDM optical signal from one of optical gate switches 400-403 
to one input port, whereupon, second-stage optical wavelength router 600 separates the second-stage WDM channel 
group into two (i.e., kj) WDM channels, and outputs from two output ports. 

The WDM channels which passes from each input ports to each output ports of the above-described optical wave- 
45 length router 600 is as shown in Table 9 below. 
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Similar to the optical wavelength selector of the above-described seventh embodiment, the optical wavelength 
selector of the eighth embodiment in a construction such as described hereinabove enables selection of a large number 
of WDM channels by a limited number of optical gate switches 40 • • • . This embodiment therefore enables a reduction 
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in size and an improvement in productivity, as well as a reduction in power consumption. 

In particular, wavelength-division demultiplexer 20, has optical signal loss as much as 6dB lower than that of optical 
splitter 200. In addition, wavelength-division multiplexer 70, has optical signal loss as much as 3dB lower than that of 
optical combiner 710. 

5 Accordingly, the optical wavelength selector of the eighth embodiment has optical signal loss that is as much as 9 
dB lower than the optical wavelength selector of the above<lescribed seventh embodiment in principle. 

As the ninth embodiment of the present invention, explanation is next presented regarding a WDM optical network, 
which is a data communication system, with reference to Figs. 29 to 31 . 

The data communication system of this embodiment is a WDM optical network in which W is 8, S is 4, and the scale 
w is 32 x 32. 

As shown in Fig. 29, the WDM optical network of this embodiment is provided with four (i.e., S) optical transmitter 
groups. Each of the four optical transmitter groups is in turn made up of eight (i.e., W) optical transmitters 1000 

Accordingly, the WDM optical network is provided with a total of 32 optical transmitters 1000-1031 . The 32 optical 
transmitters 1000-1031 each output an optical signal at a single wavelength, a total of 8 wavelengths being used. 
15 In other words, WDM channels X0-X7 are assigned to each of the eight optical transmitters 1000-1007 of the first 
optical transmitter group as the wavelength particular to that transmitter. 

Similarly, the same WDM channels X0-X7 are allotted to the eight optical transmitters 1008- in the second to fourth 
optical transmitter groups. 

Four (i.e., S) wavelength-division multiplexers 1 100-1 103, which are optical combining means, are each connected 
20 to the four optical transmitter groups, which are made up of the 32 optical transmitters 1 000-1 031 . 

Wavelength-division multiplexers 1 100 • • • are each provided with eight (i.e., W) input ports and one output port, 
and eight optical transmitters 1000 • • • . are connected to each of wavelength-division multiplexers 1 100 • • • . 

Four (i.e., S) optical splitters 1200-1203 are each connected to a respective wavelength division multiplexer of the 
four wavelength-division multiplexer 1 100-1 103, and these optical splitters 1200-1203 are each provided with one input 
25 port and eight (i.e., W] output ports. 

Eight (i.e., W) optical crossbar switches 1300-1307 are connected to the four optical splitters 1200-1203, these 
optical crossbar switches 1300-1307 each being provided with four (i.e., S) input ports and four (i.e., S) output ports. 

The eight output ports of the first optical splitter 1200 are each connected to the first input port of a respective opti- 
cal crossbar switch of the eight optical crossbar switches 1300-1307. In the same way, the eight output ports of each of 
30 the second to fourth optical splitters 1 201-1203 are connected to the respective second to fourth input ports of the eight 
optical crossbar switches 1300-1307. 

Optical crossbar switches 1300-1307 each enable simultaneous output from the plurality of the four output ports of 
the WDM optical signal that is inputted from one of the four input ports. Here, the output ports that output the WDM opti- 
cal signal can be freely selected from the four. 
35 The 32 (i.e., W x S) optical wavelength selectors 1400-1431 are individually connected to the total of 32 output 
ports of the eight optical crossbar switches 1300-1307. 

The 32 (i.e., W x S) optical receivers 1500-1531 are each connected to the 32 optical wavelength selectors 1400- 
1431, respectively. Optical receivers 1500-1531 convert the inputted optical signal of one wavelength to an electrical 
signal. 

40 The construction of optical crossbar switches 1300-1307 is next presented with reference to Fig. 30. 

Optical crossbar switches 1300 • • • are made up of four input ports 2000-2003, four optical splitters 2100-2103, 
sixteen waveguides 2200-2215, sixteen optical gate switches 2300-2315, sixteen waveguides 2400-2415, four optical 
combiners 2500-2503, and four output ports 2600-2603. 

The four optical splitters 2100-2103 are individually connected to the four input ports 2000-2003, and the sixteen 
45 optical gate switches 2300-2315 are connected in groups of four to a respective optical splitter of the four optical split- 
ters 2100-2103 by means of sixteen waveguides 2200-2215. 

The four optical combiners 2500-2503 are connected to the sixteen optical gate switches 2300-2315 by means of 
sixteen waveguides 2400-2415. Each of the four optical combiners 2500-2503 is provided with four input ports and one 
output port. 

so The first group of four optical gate switches 2300-2303 are each connected to the first input port of a respective 
optical combiner of the four optical combiners 2500-2503. In the same way, optical gate switches 2304-2315 of the sec- 
ond to fourth groups are connected to respective second to fourth input ports of the four optical combiners 2500-2503. 

The output ports of the four optical combiners 2500-2503 are each connected to a respective output port of the four 
output ports 2600-2603. 

55 Optical gate switches 2300-2315 of optical crossbar switches 1300 • • • are made up of semiconductor optical 
amplifiers. Accordingly, optical crossbar switches 1300 • * * enable simultaneous output of optical signals inputted from 
one of the four input ports 2000-2003 from the plurality of four output ports 2600-2603. This function is called "multicast- 
ing". 
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Explanation is next presented regarding the construction of optical wavelength selectors 1400 • • • with reference 
to Fig. 31 . The construction of optical wavelength selectors 1400 • • • corresponds to a simplified construction of the 
optical wavelength selector of the eighth embodiment shown in Fig. 28. 

In other words, optical wavelength selectors 1400 • are each provided with one wavelength-division multiplexer 
5 20, four optical gate switches 40-43, one optical wavelength router 600, two optical gate switches 4000 and 4001 , and 
one wavelength-division multiplexer 70. 

The WDM channels which passes from each input ports to each output ports of the above-described optical wave- 
length router 600 is as shown in Table 9 below. 

The WDM optical network of this embodiment in a construction as described hereinabove can freely transmit data 
10 from the 32 optical transmitters 1000-1031 to the 32 optical receivers 1500-1531. 

As an example, a case is described in which data transmission from node NO to node N1 and data transmission 
from node N1 to node N2 are performed simultaneously. First, optical transmitters 1000 and 1001 of node NO and node 
N1 simultaneously output optical signals of WDM channels X0 and M . 

These WDM channels are multiplexed at wavelength-division multiplexer 1100 to form WDM optical signal. This 
15 WDM optical signal is splitted at optical splitter 1200 and inputted to the first input port iO of each of the eight optical 
crossbar switches 1300-1307. 

As described hereinabove, optical crossbar switches 1300* • • have a multicasting capability. Accordingly, the 
WDM optical signal inputted to the first input port iO can be simultaneously outputted from the second and third output 
ports o1 and o2. 

20 WDM optical signal in which WDM channels X0 and X1 are multiplexed is inputted to second and third optical wave- 
length selectors 1401 and 1402. Here, if second and third optical wavelength selectors 1401 and 1402 select each of 
WDM channels X0 and A.1 , data transmission from node NO to node N1 and data transmission from node N1 to node 
N2 are effected simultaneously. 

A case in which data transmission from node NO to node N1 and data transmission from node N8 to node N2 are 
25 effected simultaneously is also explained. First, optical transmitters 1 000 and 1008 of node NO and node N8 both simul- 
taneously output WDM channel AD. 

These WDM channels are each transmitted from wavelength-division multiplexers 1 100 and 1 101 to optical split- 
ters 1200 and 1201. The WDM channel A.0 outputted from node NO is then inputted to the first input port iO of each of 
eight optical crossbar switches 1300-1307. The WDM channel X0 outputted from node N8, however, is inputted to the 
30 second input port i1 of each of the eight optical crossbar switches 1300-1307. 

Optical crossbar switches 1 300 • • . can both output the optical signal inputted to the first input port iO from the sec- 
ond output port o1 and output the optical signal inputted to the second input port i1 from the third output port o2. 

Data transmission from node NO to node N1 can therefore be effected simultaneously with data transmission from 
node N8 to node N2. 

35 The WDM optical network of this embodiment is logically a crossbar network and therefore functions identically with 
the WDM optical network of the prior art shown in Fig. 2. The WDM optical network of this embodiment, however, com- 
bines space-division switching by means of optical crossbar switches 1300 • • • with wavelength-division switching by 
means of optical wavelength selectors 1400 • • • , thereby enabling communication over a large number of nodes that 
requires a limited number of WDM channels. 

40 Using optical wavelength selectors 140* • • of the construction shown in Fig. 31, a total of 320 optical gate 
switches would be necessary to realize 32 x 32 WDM optical network in the prior-art configuration shown in Fig. 2. 

A total of 320 optical gate switches are also used to realize 32 x 32 WDM optical network of this embodiment. How- 
ever, while 32 WDM channels are required in the WDM optical network of the prior art, the WDM optical network of this 
embodiment requires only eight WDM channel. 

45 Assuming the same number of nodes and optical gate switches as a network of the prior art. the WDM optical net- 
work of this embodiment can reduce the number of WDM channels, thereby enabling larger input power per WDM 
channel for optical gate switches, which are semiconductor optical amplifiers, avoiding saturation of optical gate 
switches. In addition, an optical transmitter 1000 for the same WDM channel can be put to many uses, thereby allowing 
an improvement in productivity of the overall network. 

so Furthermore, the various values presented for the sake of example in the various embodiments described herein- 
above are not necessarily limited to the above-described values, various types of settings being possible. 

For example, the WDM optical signal in the examples presented in the first to sixth embodiments, incorporates four 
WDM channel groups each composed of four WDM channels is multiplexed. These numerical values, however, need 
not be limited to these numbers, and any settings can be employed. Moreover, the wavelengths of the WDM channels 

55 used to form the WDM optical signal may also be of any setting. 

In the first to sixth embodiments, examples were presented in which only one of the optical gate switches 40-43, 
was turned ON at a time to select a single channel of WDM optical signal from four WDM channel groups. However, a 
plurality of optical gate switches may be turned ON at one lime to select a plurality of WDM channel groups. 
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In addition, although the examples presented employed an arrayed waveguide grating device as wavelength<livi- 
sion demultiplexer 20 of the first and sixth embodiments and wavelength-division demultiplexer 80 of the third and fifth 
embodiments, the present invention also permits the use of other components in place of an arrayed waveguide grating 
device such as another form of diffraction grating, a fiber Fabry-Perot filter, an acousto-optic filter, or a dielectric inter- 
5 ference filter. 

Although optical combiner 70, which is made of optical fiber were used in the third and fifth embodiments, the 
present invention permits the use of wavelength-division multiplexers, such as an arrayed waveguide grating wave- 
length-division multiplexer constructed from a silica glass waveguide or semiconductor waveguide, a wavelength-divi- 
sion multiplexer using a diffraction grating of the other embodiments, a fiber Fabry-Perot filter, an acousto-optic filter, or 
w a dielectric interference filter instead of optical combiner. 

Although an arrayed waveguide grating device made of silica glass was employed as optical wavelength router 60 
in the first, second, fource and sixth embodiment, an arrayed waveguide grating produced from a semiconductor 
waveguide or a polymer waveguide may also be used. Furthermore, an optical wavelength router using a diffraction 
grating of the other embodiments, or an optical wavelength router may also be employed that uses a fiber Fabry-Perot 
is filter, an acousto-optic effect filter, or a dielectric interference filter. 

Although the wavelengths of light were set at equal spacing in the first embodiment, this spacing may also be une- 
qual. 

Although the wavelengths were set at equal spacing within each WDM channel group in the third and fourth embod- 
iments, these wavelengths may also be set to unequal spacing within each WDM channel group. 
20 Although all wavelengths were set to equal spacing in the fifth and sixth embodiments, the spacing may be equal 
for wavelengths within each WDM channel group but unequal between WDM channel groups. 

Although 32 input waveguides 610 and 32 output waveguides 650 were formed in arrayed waveguide grating 
device 500 constituting optical wavelength router 60 in the second embodiment, only four input waveguides and four 
output waveguides of these waveguides are necessary, and the others need not be formed. 
25 Although the number ko, k 1( ... or kp of optical gate switches in each stage of the multiple stages of optical gate 
switches was two or four in the seventh and eighth embodiments, a total of 2x of optical gate switches may be employed 
to enable selection of 2 X wavelengths. 

For example, if six optical gate switches are used in three stages of 2 x 2 x 2, eight WDM channel can be selected. 
If six optical gate switches are used in two stages of 2 x 4 or 4 x 2, the number of WDM channels that can be selected 
30 remains the same. 

However, a still greater number of WDM channels may be selected if three is used as ko, k-j, ... kp. For example, if 
six optical gate switches are used in two stages of 3 x 3, nine wavelengths can be selected. 

Although wavelength-division multiplexers 11 00 • • • were used as the optical combining means of the WDM opti- 
cal network in the ninth embodiment, an optical combiner may also be used. 
35 Although optical fiber was used for the connection portions of such components as input/output ports, wavelength- 
division demultiplexers, optical wavelength routers, and semiconductor optical amplifiers in the various embodiments 
described hereinabove, other optical waveguides may be used, including silica glass waveguides, semiconductor 
waveguides, and polymer waveguides. 

Finally, although semiconductor optical amplifiers were used as optical gate switches 23, 40 • • • , other compo- 
40 nents may be used as optical gate switches, including electro-absorption optical modulators, optical modulators made 
of lithium niobate, optical switches made of lithium niobate, optical switches made of polymer, optical switches made of 
liquid crystal, and mechanical optical switches. 

While preferred embodiments of the present invention have been described using specific terms, such description 
is for illustrative purposes only, and it is to be understood that changes and variations may be made without departing 
45 from the spirit or scope of the following claims. 

Claims 

1 . An optical wavelength selector provided with: 

50 

a wavelength-division demultiplexer that inputs WDM optical signal, in which m x n (m and n being any natural 
numbers) WDM channels are multiplexed, from one input port, separates said WDM optical signal into n WDM 
channel groups, and outputs each WDM channel group from one of n output ports; 
n optical gate switches each connected to a respective one of n output ports of said wavelength-division demul- 
55 tiplexer that either let pass or cut off said WDM channel groups that is inputted; and 

an optical wavelength router that separates said WDM channel groups inputted from n input ports that are each 
connected to a respective optical gate switch of said optical gate switches into m WDM channels, and outputs 
each WDM channel from one of m output ports. 
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An optical wavelength selector provided with: 

a wavelength-division demultiplexer that separates WDM optical signal into n WDM channel groups (n being 
any natural number), and outputs each WDM channel group from one of n output ports, wherein said WDM 
optical signal comprises n said WDM channel groups in which m WDM channels (m being any natural number) 
is multiplexed, and wherein the (a+1)th (where (a+1) is any natural number from 1 to n) WDM channel group 
{X a0 , x a2. W. Wi.} satisfies the relation "Xo b - Xq^x = X& - X^ with respect to any natural 
number b from 1 to m; 

n optical gate switches each connected to a respective one of n output ports of said wavelength-division demul- 
tiplexer that either let pass or cut off said WDM channel group that is inputted; and 

an optical wavelength router that separates said WDM channel groups inputted from n input ports that are each 
connected to a respective optical gate switch of said optical gate switches into m WDM channels, and outputs 
each WDM channel from one of m output ports. 

An optical wavelength selector provided with: 

a wavelength-division demultiplexer that separates WDM optical signal into n WDM channel groups (n being 
any natural number), and outputs each WDM channel group from one of n Output ports, wherein said WDM 
optical signal has n said WDM channel groups in which m WDM channels (m being any natural number) is mul- 
tiplexed, wherein the (a+1)th (where (a+1) is any natural number from 1 to n) WDM channel group {X a0 , A^, 
X&, .... X &m . 2 , ^am-i) satisfies the relation "Xo b - Xot>i = A ab -A, ab _i" w ' th respect to any natural number b from 1 
to m, and moreover, wherein the m WDM channels belonging to each WDM channel group are lined up con- 
tinuously on the wavelength axis and the wavelength spacing between each WDM channel groups is equal; 
n optical gate switches each connected to a respective one of n output ports of said wavelength-division demul- 
tiplexer that either let pass or cut off said WDM channel group that is inputted; and 

an optical wavelength router that separates said WDM channel groups inputted from n input ports that are each 
connected to a respective optical gate switch of said optical gate switches into m WDM channels, and outputs 
each WDM channel from one of m output ports. 

An optical wavelength selector provided with: 

a wavelength-division demultiplexer that separates WDM optical signal into n WDM channel groups (n being 
any natural number), and outputs each WDM channel group from one of n output ports, wal signal has n said 
WDM channel groups in which m WDM channels (m being any natural number) is multiplexed, wherein the 

(a+1)th (where (a+1) is any natural number from 1 to n) WDM channel group {X aQ , A, a1 , X a2 A am . 2 . A, am -i} 

satisfies the relation n XQ b - Xq^ = - X^" with respect to any natural number b from 1 to m, wherein the m 
WDM channels belonging to each WDM channel group are lined up on the wavelength axis so as to have peri- 
odicity for every n WDM channels, and moreover, wherein the wavelength spacing of the m WDM channels 
within each WDM channel groups is equal; 

n optical gate switches each connected to a respective one of n output ports of said wavelength-division demul- 
tiplexer that either let pass or cut off said WDM channel group that is inputted; and 

an optical wavelength router that separates said WDM channel groups inputted from n input ports that are each 
connected to a respective optical gate switch of said optical gate switches into m WDM channels, and outputs 
each WDM channel from one of m output ports. 

An optical wavelength selector according to claim 1 , 2, 3 or 4 wherein said optical wavelength router is provided 
with an arrayed waveguide grating device. 

An optical communication system provided with: 

a WDM optical signal transmitting means that outputs WDM optical signal in which m x n (m and n being any 
natural numbers) WDM channels are multiplexed; 

an optical transmission medium that transmits said WDM optical signal outputted by said WDM optical signal 
transmitting means; 
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a wavelength-division demultiplexer that separates said WDM optical signal inputted from said optical trans- 
mission medium to one input port into n WDM channel groups, and outputs each of said n WDM channel 
groups from a respective output port of n output ports; 

5 n optical gate switches that are each connected to a respective output port of the n output ports of said wave- 

length-division demultiplexer and that either let pass or cut off said WDM channel group that is inputted; 

an optical wavelength router that separates said WDM channel groups inputted from n input ports each con- 
nected to a respective optical gate switch of said optical gate switches into m WDM channels, and outputs each 
10 WDM channel from a respective output port of m output ports; and 

m optical receivers that individually receive the m WDM channels outputted from said optical wavelength 
router. 

15 7. An optical communication system according to claim 6 wherein WDM optical signal outputted by said WDM optical 
signal transmitting means is such that the (a+1)th (where (a+1) is any natural number from 1 to n) WDM channel 
group {X. a0 , X a1 , X a2 . .... X am _ 2 , *-am-i} satisfies the relation n Xo b -A. 0I>1 = X ab - X aty1 n with respect to any natural 
number b from 1 to m. 

20 8. An optical communication system according to claim 7 wherein WDM optical signal outputted by said WDM optical 
signal transmitting means is such that the m WDM channels belonging to each WDM channel group are lined up 
continuously on the wavelength axis, and moreover, wavelength spacing between each WDM channel groups is 
equal. 

25 9. An optical communication system according to claim 7 wherein WDM optical signal outputted by said WDM optical 
signal transmitting means is such that the m WDM channels belonging to each WDM channel group are lined up 
on the wavelength axis so as to have periodicity for every n WDM channels, and moreover, wavelength spacing of 
the m WDM channels within each WDM channel groups is equal. 

30 1 0. An optical communication system according to claim 9 or 1 0 wherein said optical wavelength router is provided with 
an arrayed waveguide grating device. 

11. An optical wavelength selector provided with: 

35 an optical splitter that, when WDM optical signal in which ko x k-j x ... x kj x ... x kp (where ko ... kp are each any 

natural number) WDM channels are multiplexed is inputted from one input port, spirts said WDM optical signal 
into ko beams and outputs the result; 

ko optical gate switches that either let pass or cut off the ko beams of said WDM optical signal inputted from 
40 said optical splitter; 

optical wavelength routers in p stages (where p is any natural number) that separate WDM optical signal input- 
ted from one of k^ input ports into kj beams, one beam for each prescribed WDM channel group, and output 
the result; 

45 

kj optical gate switches in p stages that either let pass or cut off inputted WDM optical signal; and 

an optical combiner that outputs from one output port one WDM channel inputted from one of kp optical gate 
switches of the pth stage of said optical gate switches; 
so wherein each of said ko, k 1( ... kj, ... kp is any of two, three, and four. 

12. An optical wavelength selector provided with: 

a wavelength-division demultiplexer that, when WDM optical signal in which ko x k 1 x ... x kj x ... x kp (where ko 
55 ... kp are each any natural number) WDM channels are multiplexed is inputted from one input port, separates 

said WDM optical signal into ko beams, one beam for each prescribed first-stage WDM channel group, and out- 
puts the result; 
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ko optical gate switches that either let pass or cut off the ko beams of said first-stage WDM channel group input- 
ted from said wavelength-division demultiplexer; 

optical wavelength routers in p stages (where p is any natural number) that separate WDM optical signal input- 
ted from one of input ports into k| beams, one beam for each prescribed WDM channel group, and output 
the result; 

kj optical gate switches in p stages that either let pass or cut off inputted WDM optical signal; and 

a wavelength-division multiplexer that outputs from one output port one WDM channel inputted from one of kp 
optical gate switches of the pth stage of said optical gate switches; 

wherein each of said ko, k 1t ... kj, ... kp is any of two, three, and four. 

13. An optical wavelength selector provided with: 

a wavelength-division demultiplexer that, when WDM optical signal in which ko x kj x ... x kj x ... x kp (where k^ 
... kp are each any natural number) WDM channels are multiplexed is inputted from one input port, separates 
said WDM optical signal into ko beams, one beam for each prescribed first-stage WDM channel group, and out- 
puts the result; 

ko optical gate switches that either let pass or cut off the ko beams of said first-stage WDM channel group input- 
ted from said wavelength-division demultiplexer; 

optical wavelength routers in p stages (where p is any natural number) that separate WDM optical signal input- 
ted from one of kj.-j input ports into kj beams, one beam for each prescribed WDM channel group, and output 
the result; 

kj optical gate switches in p stages that either let pass or cut off inputted WDM optical signal; and 

an optical combiner that outputs from one output port one WDM channel inputted from one of kp optical gate 
switches of the pth stage of said optical gate switches; 

wherein each of said ko, k 1f ... kj, ... kp is any of two, three, and four. 

14. An optical wavelength selector provided with: 

an optical splitter that, when WDM optical signal in which ko x ki x ... x kj x ... x kp (where ko »• kp are each any 
natural number) WDM channels are multiplexed is inputted from one input port, splits said WDM optical signal 
into ko beams and outputs the result; 

ko optical gate switches that either let pass or cut off the ko beams of said WDM optical signal inputted from 
said optical splitter; 

optical wavelength routers in p stages (where p is any natural number) that separate WDM optical signal input- 
ted from one of kj^ input ports into kj beams, one beam for each prescribed WDM channel group, and output 
the result; 

kj optical gate switches in p stages that either let pass or cut off inputted WDM optical signal; and 

a wavelength-division multiplexer that outputs from one output port one WDM channel inputted from one of kp 
optical gate switches of the pth stage of said optical gate switches; 

wherein each of said ko, k 1t ... kj, ... kp is any of two, three, and four. 

15. An optical wavelength selector provided with: 

an optical splitter that, when WDM optical signal in which ko x k 1 x ... x kj x ... x kp (where ko ... kp are each any 
natural number) WDM channels are multiplexed is inputted from one input port, splits said WDM optical signal 
into ko beams and outputs the result; 
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ko optical gate switches that either let pass or cut off the ko beams of said WDM optical signal inputted from 
said optical splitter; 

optical wavelength routers in p stages (where p is any natural number) that separate WDM optical signal input- 
ted from one of k^ input ports into kj beams, one beam for each prescribed WDM channel group, and output 
the result; 

kj optical gate switches in p stages that either let pass or cut off inputted WDM optical signal; and 

an optical combiner that outputs from one output port one WDM channel inputted from one of kp optical gate 
switches of the pth stage of said optical gate switches; 
wherein said p stages are a plurality of stages. 

16. An optical wavelength selector provided with: 

a wavelength-division demultiplexer that, when WDM optical signal in which ko x kj x ... x kj x ... x kp (where ko 
... kp are each any natural number) WDM channels are multiplexed is inputted from one input port, splits said 
WDM optical signal into ko beams, one beam for each prescribed first-stage WDM channel group, and outputs 
the result; 

ko optical gate switches that either let pass or cut off the ko beams of said first-stage WDM channel group input- 
ted from said wavelength-division demultiplexer; 

optical wavelength routers in p stages (where p is any natural number) that separate WDM optical signal input- 
ted from one of kj_-| input ports into kj beams, one beam for each prescribed WDM channel group, and output 
the result; 

kj optical gate switches in p stages that either let pass or cut off inputted WDM optical signal; and 

a wavelength-division multiplexer that outputs from one output port one WDM channel inputted from one of kp 
optical gate switches of the pth stage of said optical gate switches; 
wherein said p stages are a plurality of stages. 

17. An optical wavelength selector provided with: 

a wavelength-division demultiplexer that, when WDM optical signal in which ko x k 1 x ... x kj x ... x kp (where ko 
... kp are each any natural number) WDM channels are multiplexed is inputted from one input port, splits said 
WDM optical signal into k^ beams, one beam for each prescribed first-stage WDM channel group, and outputs 
the result; 

ko optical gate switches that either let pass or cut off the ko beams of said first-stage WDM channel group input- 
ted from said wavelength-division demultiplexer; 

optical wavelength routers in p stages (where p is any natural number) that separate WDM optical signal input- 
ted from one of kj.-, input ports into kj beams, one beam for each prescribed WDM channel group, and output 
the result; 

kj optical gate switches in p stages that either let pass or cut off inputted WDM optical signal; and 

an optical combiner that outputs from one output port one WDM channel inputted from one of kp optical gate 
switches of the pth stage of said optical gate switches; 
wherein said p stages are a plurality of stages. 

18. An optical wavelength selector provided with: 

an optical splitter that, when WDM optical signal in which ko x k 1 x ... x kj x ... x kp (where ko ■•• kp are each any 
natural number) WDM channels are multiplexed is inputted from one input port, splits said WDM optical signal 
into ko beams and outputs the result; 
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kg optical gate switches that either let pass or cut off the ko beams of said WDM optical signal inputted from 
said optical splitter; 

optical wavelength routers in p stages (where p is any natural number) that separate WDM optical signal input- 
ted from one of k^ input ports into kj beams, one beam for each prescribed WDM channel group, and output 
the result; 

kj optical gate switches in p stages that either let pass or cut off inputted WDM optical signal; and 

a wavelength-division multiplexer that outputs from one output port one WDM channel inputted from one of kp 
optical gate switches of the pth stage of said optical gate switches; 
wherein said p stages are a plurality of stages. 

19. An optical wavelength selector according to any one of claims 15-18 wherein each of said ko, k 1t ... kj, ... kp is any 
of two, three, and four. 

20. An optical communication system provided with: 

S (S being two or more) optical transmitter groups each made up of W (W being two or more) optical transmit- 
ters that transmit W WDM channels; 

S optical beam-combining means that are each connected to a respective one of said S optical transmitter 
groups, that combine W WDM channels that ale transmitted into one WDM optical signal, and output the result; 

S optical splitters that are each connected to a respective one of said S optical beam-combining means, that 
split inputted WDM optical signal into W beams, and output each beam from a respective output port of W out- 
put ports; 

W optical crossbar switches that each have each one of S input ports connected to a respective one of said S 
optical splitters and that are capable of simultaneously outputting WDM optical signal inputted from one of said 
S input ports from the plurality of S output ports; 

W x S optical wavelength selectors that are each connected to a respective one of S output ports of said W 
optical crossbar switches, that select one WDM channel from inputted WDM optical signal, and that output the 
result; and 

W x S optical receivers that are each connected to a respective one of said W x S optical wavelength selectors 
and that convert inputted optical signals of one wavelength to electrical signals. 

21. An optical communication system according to claim 25 wherein said optical wavelength selectors are provided 
according to any one of claims 1 1 to 19. 



29 



EP0 849 968 A2 



Fig 1 

(Prior Art) 
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Fig 2 
(Prior Art) 
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Fig 7 
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Fig 30 
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